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The e f f e c t  of sodium n i t r i t e  on th e  r e s p i r a t o r y  c h a in  o f  p o rc in e  
s k e l e t a l  muscle m ito c h o n d r ia  was i n v e s t i g a t e d  in  v i t r o  under  c o n d i t io n s  
r e l e v a n t  to  th e  meat c u r in g  p r o c e s s ,  t h a t  i s ,  a t  pH 6 .0  un d er  re d u c in g  
( a n a e ro b ic )  c o n d i t io n s  w i th  sodium n i t r i t e  (3 mM, C f200 p . p .m . ) .  O ther 
c o n c e n t r a t i o n s  o f  n i t r i t e  were used  t o  in c lu d e  th e  range  r e l e v a n t  to  
c u r in g  and beyond.
Improvements were made to  th e  e x t r a c t i o n  o f  m i to c h o n d r ia  by 
a l t e r a t i o n s  t o  th e  hom ogen isa tion  p ro ced u re  and th e  e x t r a c t i o n  medium.
O b se rv a t io n s  o f  r e s p i r a t o r y  c h a in  cytochrom es were made u s in g  
d i f f e r e n t i a l  s p e c tro p h o to m e try .  For o b s e rv a t io n s  a t  -160°C. where th e  
cytochrome a b s o r p t io n  bands a r e  sharpened  and i n t e n s i f i e d ,  low te m p e ra tu re  
c e l l s  were d e s ig n e d  and c o n s t r u c t e d .
The redox  p o t e n t i a l  f o r  th e  r e d u c t io n  o f  n i t r i t e  to  n i t r i c  
ox ide  i s  c lo s e  to  t h a t  f o r  th e  r e d u c t io n  o f  oxygen t o  h y d ro x y l io n s  and 
a t t e n t i o n  was t h e r e f o r e  fo c u s se d  upon th e  te rm in a l  p o r t i o n  o f  th e  
r e s p i r a t o r y  c h a in .
At low c o n c e n t r a t i o n s ,  n i t r i t e  e x e r t e d  a cyan ide  -  s e n s i t i v e  
o x id a t io n  o f  th e  r e s p i r a t o r y  ch a in  cytochrom es which was g r a d u a l ly  
i n h i b i t e d  by in c r e a s in g  c o n c e n t r a t i o n s  o f  n i t r i t e .  At c o n c e n t r a t i o n s  
above 3 mM, n i t r i t e  p roduced  a d i r e c t ,  non-enzym ic o x id a t io n  o f  th e  
cytochrom es which su p e rsed ed  th e  i n h i b i t o r y  e f f e c t .
Model system s s t u d i e s ,  which u sed  p h y s i o l o g i c a l l y  a c t i v e  
fe r ro cy to ch ro m e  c p roduced  by r e d u c t io n  o f  th e  T e r r i  (o x id i s e d )  form 
w i th  H^/Pd, confirm ed  and ex tended  th e  i n  v i t r o  ex p er im en ts  and 
d em o n s tra ted  th e  " i n h i b i t o r y  zone" o f  n i t r i t e  under  a e ro b ic  c o n d i t i o n s .
N i t r i t e  a l s o  i n h i b i t e d  th e  oxygen u p tak e  o f  a m i to c h o n d r ia l  
s u sp e n s io n  (measured p o l a r o g r a p h i c a l l y ) .
This  e f f e c t  co rre sp o n d ed  to  th e  i n h i b i t o r y  a c t i o n  o f  n i t r i t e  
on cytochrome o x id a t io n  and i s  p ro b a b ly  th e  r e s u l t  o f  i n h i b i t i o n  o f  
cytochrome o x id a se  by fo rm a t io n  o f  a complex betw een red u ced  cytochrome 
a^ and th e  n i t r o s y l  r a d i c a l .
The c h ro n ic  o r  a c u te  a d m i n i s t r a t i o n  o f  n i t r i t e  i n  v ivo  d id  
n o t  a f f e c t  th e  d rug  m e ta b o l i s in g  enzymes o f  r a t  l i v e r .  I n  a d d i t i o n ,  
s k e l e t a l  muscle m ito c h o n d r ia  d id  n o t  ap p ea r  to  in f lu e n c e  e i t h e r  th e  
s y n th e s i s  or breakdown of n i t r o s a m in e s  i n  v i t r o .
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INTRODUCTION
CHAPTER 1
1 .1 .  N i t r i t e  and Meat P r e s e r v a t i o n
The use  o f  n i t r i t e  as  a c u r in g  a g e n t  f o r  meat was an a c c i d e n t a l  
p ro c e s s  i n  common w i th  many p r a c t i c e s  which had t h e i r  o r i g i n s  i n  th e  
d i s t a n t  p a s t .  Meat was f i r s t  p re s e rv e d  w i th  ro c k  s a l t  a l th o u g h  t h e  o r i g i n  
o f  th e  p ro c e s s  i s  unknown. I t  ap p ea rs  t h a t  th e  meat was rubbed  w i th  
p u lv e r i s e d  ro c k  s a l t  and s t o r e d  i n  c o n ta c t  w i th  th e  s a l t  f o r  3 ~ 4 weeks.
On cooking th e  u s u a l  brown c o lo u r  o f  cooked f r e s h  meat was i n t e r s p e r s e d  
w i th  r e d  p a tc h e s  which were s u b se q u e n t ly  shown to  be caused  by m e t a l l i c  
n i t r a t e s  p r e s e n t  i n  th e  s a l t  a s  i m p u r i t i e s .  C o n seq u en tly ,  d e l i b e r a t e  u se  
o f  p o ta ss iu m  n i t r a t e  was p r a c t i s e d  to  produce g r e a t e r  u n i f o r m i ty  o f  
c o lo u r .  However i t  was f u r t h e r  d is c o v e re d  t h a t  l a r g e  amounts o f  n i t r i t e  
p r e s e n t  i n  th e  meat p ro d u c ts  were i n  f a c t  r e s p o n s ib le  f o r  th e  developm ent 
o f  th e  re d  c o lo u r ,  t h e  n i t r i t e  b e in g  produced from th e  r e d u c t i o n  of  
n i t r a t e  by m ic ro -o rgan ism s  p r e s e n t  i n  t h e  m eat.
I t  was an obvious c o u r s e ,  t h e r e f o r e ,  to  s u b s t i t u t e  n i t r i t e  f o r  
n i t r a t e  and i n  t h i s  way n i t r i t e s  became w id e ly  u sed  f o r  th e  c u r in g  o f  
m e a ts ,  e s p e c i a l l y  p o rk .  The c h e m is try  o f  th e  c u r in g  p ro c e s s  i s  complex 
and w i l l  be d i s c u s s e d  in  f a r  g r e a t e r  d e t a i l  i n  C hap ter  1 .2 .  I t  in v o lv e s  
th e  i n t e r a c t i o n  of sodium o r  p o ta ss iu m  n i t r i t e  w i th  m yoglobin o r  haem og]obin  
u nder  r e d u c in g  c o n d i t io n s  to  form n i t ro sy lm y o g lo b in  and n i t r o s y lh a e m o g lo b in  
which a r e  th e  re d  p igm ents  seen  i n  th e  p re s e rv e d  meat (H aldane , 1901).
The p r i n c i p a l  use  o f  n i t r i t e  as  a p r e s e r v a t i v e  i s  a s  a p r o t e c t i n g  
a g e n t  a g a i n s t  C l o s t r i d i a  (S pence r ,  1966) and n i t r i t e s  a r e  u sed  i n  many 
c o u n t r i e s  a s  food  a d d i t i v e s .  I n  B r i t a i n  t h e i r  use  i s  p e r m i t t e d  i n  cu red  
and p ic k le d  meat p ro d u c ts  and i n  some c h e e se s ,  th e  maximum p e r m i t t e d  
c o n c e n t r a t i o n  o f  sodium n i t r i t e  i n  th e  f i n i s h e d  p ro d u c t  b e in g  200 p .p .m . 
(app rox .  2 .9  mM). ( P r e s e r v a t i v e s  i n  Pood R e g u la t io n s ^ 1962).
r j x  i / i  x  u u  x i / i 3 t : x x  XirXo iUfcMjy 1/U .Jv .xe cXC O X O I iS  • X T/ X S  a  V U S O Q .I1 1 8 , G O T  a n t i .
h y p o te n s iv e  a g e n t  (Rubin, Z i to w i tz  and Hausler., 1963),  and can reduce  
v i ta m in  A s t o r e s  in  the  l i v e r  and d i s t u r b  t h y r o i d  f u n c t i o n  (Emerick and 
O ls o n ,1962). Of p a r t i c u l a r  im portance  i s  th e  a b i l i t y  o f  n i t r i t e  to  
o x id i s e  haem oglobin to  th e  f e r r i c  form: m ethaem ogiobin. M ethaemoglcbin i s  
in c a p a b le  o f  t r a n s p o r t i n g  oxygen and w h ile  t h i s  p igm ent i s  i n  th e  b lo o d s tream  
th e  c a r r i a g e  o f  oxygen i s  s e r i o u s l y  im p a ired .  Young i n f a n t s  a re  
p a r t i c u l a r l y  s u s c e p t i b l e  to  n i t r i t e s  because  f o e t a l  haem oglob in , p r e s e n t  
i n  c h i ld r e n  under t h r e e  months of age (Betke and R au ,1952) ,  i s  more 
r e a d i l y  o x id i s e d  to  m ethaem ogiobin th a n  i s  a d u l t  haem oglob in . T h is  
in c re a s e d  s e n s i t i v i t y  h a s  caused  methaem oglobinaemia i n  b a b ie s  (some c a se s  
o f  which proved  f a t a l )  who h a d  been g iv en  w e l l -w a te r  c o n ta in in g  n i t r a t e s  
(¥ood, 1961), which can be reduced  to  n i t r i t e s  by th e  m ic r o b ia l  f l o r a  o f  
th e  ach lo rhyd r .ic  stomach. In  one su rvey  (Simon e t  a l .  1964) i t  was 
r e p o r te d  t h a t  o f  th e  i n f a n t s  who developed  m ethaem oglobinaem ia from 
n i t r a t e s  i n  d r in k in g  w a te r ,  98$ were under t h r e e  months o ld .  N i t r a t e s  
a r e  p r e s e n t  i n  s e v e r a l  v e g e t a b le s  and samples o f  sp in ach  u sed  as  baby 
foods  may c o n t a i n . l a r g e  amounts ( P h i l l i p s ,  1971).  Some o f  t h i s  
n i t r i t e  may be reduced  to  n i t r i t e  d u r in g  p r e p a r a t i o n c f  th e  b a b y ’ s f e e d  
o r  under u n hyg ien ic  methods o f  s to r a g e  (w ith o u t  r e f r i g e r a t i o n ) ,  and t h i s  
had  sometimes l e d  to  m ethaem oglobinaemia (Simon, 1966).  The baby d o es ,  
however, p o s se s s  a n a t u r a l  d e fence  mechanism i n  th e  form o f  m ethaem ogiobin  
r e d u c ta s e  which c o n v e r ts : ; th e  i n a c t i v e  p igm ent to  haem oglobin  (White e t  a l .  
1959a).
These a s p e c t s  of n i t r i t e  t o x i c i t y  were c a r e f u l l y  c o n s id e re d  i n  
r e g u l a t i n g  th e  amount o f  n i t r i t e s  p r e s e n t  i n  fo o d s .  However th e  s i t u a t i o n  
changed d r a m a t i c a l ly  some t e n  y e a r s  ago when i t  was d isc o v e i 'e d  t h a t ,  
u nder c e r t a i n  c o n d i t io n s ,  th e  i n t e r a c t i o n  o f  n i t r i t e  w i th  s e c o n d a ry  o r  
t e r t i a r y  amines i n  foods  cou ld  form a group o f ■s u b s ta n c e s ,  th e  
n i t r o s a ru in e s ,  th e  s t r u c t u r e  o f  which i s  e x e m p li f ie d  by th e  s im p l e s t
member 0.1 t-ne s e r i e s  axrne 1 ny 1 n 11 ro sa m in e  ^ i ir e s o a im e x n y ia m in e ; v^qu. ! « 1 * /
CH CH
\
.NH + HN0o 
CH^ C H ^
D im ethylam ine D im e th y ln i t ro sam in e
The d an g e rs  of n i t r o s a m in e  fo rm a t io n  i n  f o o d s t u f f s  'were 
s p e c t a c u l a r l y  d em o n s tra ted  i n  Norway in  1961 and 1962 when a s e v e re  
o u tb re a k  o f  l i v e r  d i s e a s e  o c c u r re d  i n  rum inan ts  and mink (Ender e t  a l .
1964; Sakshaug e t  a l .  1965). I t  was s u b se q u e n t ly  d is c o v e re d  t h a t  the  
in c id e n c e  o f  th e  d i s e a s e  was r e l a t e d  to  th e  f e e d in g  o f  a h e r r i n g  meal 
which had been  p re s e rv e d  w i th  sodium n i t r i t e .  This  o b s e r v a t io n  
c l e a r l y  su g g e s te d  t h a t  a n i t r o s a m in e  cou ld  have been formed th ro u g h  
i n t e r a c t i o n  o f  n i t r i t e  and th e  secondary  amines abundan t i n  th e  f i s h .  
D im e th y ln i tro sam in e  a t  l e v e l s  o f  fO -  100 p .p .m . was d e t e c t e d  i n  s i x  
t o x i c  b a tc h e s  o f  th e  m eal, b u t  cou ld  n o t  be d e t e c te d  i n  s i x  n o n - to x ic  
sam ples .  More r e c e n t l y  Eong and V alsh  (1971) have r e p o r t e d  th e  fo rm a t io n  
o f  n i t r o s a m in e s  i n  Cantonese s a l t - d r i e d  f i s h  i n  which d im e th y ln i t r o s a m in e  
and d i e th y in i t r o s a m in e  were d e t e c t e d  a t  c o n c e n t r a t i o n s  o f  0 . 6  -  9 . 0  p .p .m . 
and 1 .2  -  2 1 .0  p .p .m . r e s p e c t i v e l y .  These w orkers  im p l ic a te d  b a c t e r i a l  
r e d u c t io n  o f  n i t r a t e  i n  th e  fo rm a t io n  of n i t r o s a m in e s  s in c e  a l th o u g h  
n i t r i t e  cou ld  n o t  be d e t e c t e d  i n  th e  c rude  s a l t  p r e p a r a t i o n  n i t r a t e  was 
p r e s e n t  i n  sm a l l  amounts. The s i g n i f i c a n c e  o f  th e  low c o n c e n t r a t i o n s  o f  
n i t r o s a m in e  d is c o v e re d  i n  th e  a fo rem en tio n ed  r e p o r t s  i s  h e ig h te n e d  
by th e  o b s e r v a t io n  t h a t  f e e d in g  o n ly  5 o r  even 2 p .p .m . d im e th y ln i t r o s a m in e  
i n  t h e  d i e t  i s  s u f f i c i e n t  to  produce l i v e r  tum ours i n  th e  r a t  ( T e r r a o i n i ,  
Magee and B a rn es ,  1967).
The n i t r o s a m in e s  have p o te n t  h e p a to to x ic  (Barnes and Magee, 1954) 
and c a rc in o g e n ic  (Magee and B a rn es ,  1956) a c t i o n s .  They can ind u ce  
tumours i n  a lm o s t  a l l  o rgans  i n  th e  r a t  and have th e  c a p a c i t y  t o  ind u ce
N -  NO -I H„0 Eqn. 1 .1 .
c an c e r  a f t e r  o n ly  one a d m in i s t r a t i o n .  The m e tabolism  o f  d im e th y ln i t ro s a m in e  
seems n e c e s s a ry  f o r  i t s  to x i c  a c t i o n  as  i t  a p p e a rs  t h a t  th e  a c t i v e  
m o le c u la r  s p e c ie s  i s  a m e ta b o l i t e  o f  th e  p a r e n t  n i t ro s a m in e  (McLean and 
Magee, 1970). D im e th y ln i t ro sa m in e  i s  an a l k y l a t i n g  ag en t  o f  n u c l e i c  a c id s  
i n  v i t r o and s e v e r a l  o f  th e  n i t r o s o  c a rc in o g e n s  a re  v e ry  p ow erfu l mutagens 
(Magee and B a rn es ,  1967).  I t  i s  i n t e r e s t i n g  to  n o te  i n  t h i s  c o n te x t  t h a t  
sodium n i t r i t e  i t s e l f  has been r e p o r te d  to  be a mutagen (K irc h n e r ,  1960; 
Norman and C a v a l le r o ,  1961; Zimmerman, Schw aier and L u er ,  1966) and to  
ca,use chromosome b reakage  (G laess  and M arquard t,  1967).
A lthough  th e  o u tb re a k  o f  l i v e r  d i s e a s e  i n  Norway rem ains  a  v i v i d  
example o f  th e  fo rm a t io n  and t o x i c i t y  o f  d im e th y ln i t ro s a m in e  i n  fo o d s ,  
i t  seems u n l i k e l y  t h a t  n i t r o s a m in e s  cou ld  occu r  o r  be formed i n  
s u f f i c i e n t l y  h ig h  c o n c e n t r a t i o n  i n  t h e  environm ent to  re a c h  a c u t e l y  t o x i c  
l e v e l s .  However- i t  i s  p o s s i b l e  t h a t  n i t r o s a m in e s  may be found  i n  o th e r  
e n v iro n m en ta l  s i t u a t i o n s  in v o lv in g  th e  use  of n i t r i t e .
I t  h a s  been  su g g e s te d  t h a t  th e  fo rm a t io n  o f  n i t ro sa m in e s '  from 
th e  n i t r o s a t i o n  of  seco n d ary  and t e r t i a r y  amines i n  v ivo  may r e p r e s e n t  
a  g r e a t e r  danger th a n  th e  i n g e s t i o n  o f  n i t r o s a m in e s  which may be form ed i n  
m inu te  q u a n t i t i e s  i n  foods  c o n ta in in g  n i t r i t e .  Sander (1967a)' h as  shown 
t h a t  n i t r o s a m in e s  can  be formed i n  v i t r o  from secondary  amines and 
n i t r i t e  when mixed t o g e th e r  i n  human g a s t r i c  j u i c e .  Hawksworth and H i l l  
(1971) have r e p o r t e d  th e  fo rm a t io n  o f  n i t r o s a m in e s  by  human i n t e s t i n a l  
b a c t e r i a  i n  t h e  p re se n c e  o f  n i t r i t e  and secondary  amines a t  n e u t r a l  pH 
v a lu e s .  However, c h ro n ic  f e e d in g  o f  n i t r i t e  to  r a t s  d id  n o t  in d u c e  
tumours when d im ethylam ine was a d m in is te re d  s im u l ta n e o u s ly  (D ruckrey  e t  a l a 
11'63). T h is  may be due t o  th e  b a s i c i t y  o f  th e  amine because  when th e  
l e s s  b a s ic  m ethy lbenzy lam ine r e p la c e d  d im ethy lam ine  th e  r a t s  d e v e lo p ed  
oesophagea l tum ours (Sander,  1968) which co u ld  a l s o  be in d u ced  by . ■ 
N -n i t ro so m e th y lb e n z y la m in e , th e  c o r re s p o n d in g  n i t ro s a m in e  (D ruckrey  e t  a l .
d i l u t e  a c i d  c o n d i t i o n s ,  as  p r e v a i l  i n  th e  stomach. In  f a c t ,  M irv ish
(1970) has  c a l c u l a t e d  from k i n e t i c  measurements t h a t  th e  fo rm a t io n  of
d im e th y ln i t ro s a m in e  in  th e  stomach a f t e r  consum ption o f  a meal c o n ta in in g
d im ethylam ine (40 p .p .m .)  and sodium n i t r i t e  (200 p .p .m . )  -would be o n ly
3*3 jjg p e r  300 g m eal.
L i j i n s k y  and E p s te in  (1970) have p o s t u l a t e d  t h a t  cooking  may
l i b e r a t e  many n i t r o s a t a b l e  seco n d ary  am ines, such  a s  p y r r o l i d i n e  and
p i p e r i d i n e ,  from fo o d s .  They f u r t h e r  p o i n t  o u t  t h a t  N - n i t r o s o p r o l i n s  and
N -n i t ro s o h y d ro x y p ro l in e  can be formed in  d i l u t e  a c id  s o l u t i o n  a t  35-40°C
i n  th e  p re se n c e  of. excess  sodium n i t r i t e .  The p o s s i b i l i t y  e x i s t s  t h a t  th e s e
n i t r o s a t e d  amino a c id s  co u ld  be d e c a rb o x y la te d  by m ic ro -o rg an ism s  i n  th e
a l k a l i n e  c o n d i t io n s  o f  th e  duodenum and sm all  i n t e s t i n e  to  y i e l d  th e  
\c
h ig h ly  c a r c i n o g e n ^ - u r t r o s o p y r r o l r d i n e  (Eqn. 1 . 2 . )
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P r o l in e  N - n i t r o s o p r o l i n e  N - n i t r o s o p y r r o l i d i n e
The in  v iv o  fo rm a t io n  o f  low l e v e l s  o f  n i t r o s a m in e s  does n o t  
n e c e s s a r i l y  depend on th e  i n g e s t i o n  o f  n i t r i t e  as  a  fo o d  a d d i t i v e .
N i t r i t e  co u ld  a r i s e  from a number of so u rc e s  in c lu d in g  n i t r a t e s  p r e s e n t  
i n  th e  d r in k in g  w a te r .  I t  seems t h a t  th e  l i m i t i n g  f a c t o r  i n  th e  
fo rm a t io n  of n i t r o s a m in e s  i n  t h i s  manner i s  th e  a v a i l a b i l i t y  o f  secondary  
am ines . V arious  f l a v o u r i n g  a g e n ts  a r e  p re p a re d  from seco n d ary  amines 
in c lu d in g  b read  and meat f l a v o u r i n g s ,  ( L i j i n s k y  and E p s te in ,  1970) and 
many o th e r  compounds l i k e l y  to  be in g e s t e d  a r e  secondary  am ines o r  co u ld  
g iv e  r i s e  to  secondary  am ines. F or example th e  d rugs  p ip e r a z in e  (used  
i n  th e  trea/bment o f  worms) and desm ethy lim ip ram ine  (used as  an  a n t i -  
d e p re s s a n t )  a r e  seco n d ary  am ines . Even some to o t h p a s t e s  c o n t a in  
d e r i v a t i v e s  o f  th e  secondary  amine s a r c o s in e .  Both N - n i t r o s o p ip e r a z in e
and N ~ n i t ro s o s a rc o s in e  have p roved  to  be c a rc in o g e n ic  (D ruckrey e t  a l .  1967). 
In  a d d i t i o n  seco n d ary  amines c c u ld  be formed from a whole h o s t  o f  compounds 
l i k e l y  to  be p r e s e n t  i n  food  in c lu d in g  (a)  th o s e  a r i s i n g  from th e  d e l i b e r a t e  
o r  a c c i d e n t a l  c o n ta m in a t io n  o f  food  w i th  m ic ro -o rg a n ism s ,  (b) th o s e  p r e s e n t  
as  i n t e r m e d i a te s  o f  th e  en d -p ro d u c ts  o f  th e  m etabolism  o f  c e l l u l a r  n i t r o g e n  
compounds and (c)  d y es ,  sw eet£n i^& gents£drugs and a n t i b i o t i c s ,  many o f  
which a re  seco n d ary  amines p e r  s e .
I n  t h i s  c o n te x t  i t  i s  i n t e r e s t i n g  t h a t  n i t r o s a m in e s  have been  
r e p o r te d  to  occur  in  tobacco  smoke (D ruckrey and Freussm an, 1962).
Tobacco i t s e l f  c o n ta in s  s e v e r a l  secondary  am ines ,  p y r r o l i d i n e  i n  p a r t i c u l a r .  
(N eurath  e t  a l .  1966a, 1966b.), and c i g a r e t t e  p ap e r  can be im pregna ted  w i th  
n i t r i t e  to  a i d  com bustion o f  condensed hyd rocarbons  such  as  3 ,4  benzopyrene  
( L a t a r j e t  e t  a l . 1959). I t  would be a c r u e l  paradox  i f  a t t e m p t s  to  
i n c r e a s e  th e  breakdown o f  c a rc in o g e n  h y d rocarbons  on th e  one hand were 
accompanied by in c r e a s e d  fo rm a t io n  of  c a rc in o g e n ic  n i t r o s a m in e s  on th e  
o th e r .
The u se  o f  n i t r i t e  a s  a food  p r e s e r v a t i v e  h as  t h u s  in v o lv e d  
many problem s some o f  which have been  s a t i s f a c t o r i l y  overcome and 
o th e r s  which s t i l l  p r e s e n t  a problem  f o r  th e  f u t u r e .  However, any  r i s k s  
to  human h e a l t h  a r i s i n g  from th e  a d d i t i o n  o f  n i t r i o e s  to  foods  m ust 
always be b a la n c e d  a g a i n s t  t h e i r  v a lu e  a s  p r e s e r v a t i v e s ,  e s p e c i a l l y  
t h e i r  a c t i o n  a g a i n s t  C l o s t r i d i a .  I t  i s  n o tew o rth y  t h a t  no o u tb re a k  o f  
b o tu l ism  had been a s s o c i a t e d  w i th  a cu red  p ro d u c t .
I t  i s  i n t e r e s t i n g  t h a t  n i t r i t e  can im p a r t  o th e r  b e n e f i c i a l  
e f f e c t s ,  a l b e i t  o f  a l i m i t e d  n a t u r e .
I t  can  e x e r t  a r a d i p r o t e c t i v e  a c t i o n  and h a s  been r e p o r t e d  
to  p r o t e c t  mice a g a i n s t  l a r g e  d o ses  o f  r a d i a t i o n  (600, 750 R) when 
a d m in is te re d  b e fo re  th e  r a d i a t i o n  d ose .  (Hasegawa and L an d ah l,  1965).
Two views e x i s t  a s  to  how n i t r i t e  e x e r t s  t h i s  a c t i o n .  The f i r s t  s u g g e s ts  
t h a t  n i t r i t e ,  by c a u s in g  hypox ia  v i a  methaemogiobin fo rm a t io n ,  p r o t e c t s  
th e  body a g a i n s t  th e  p r o d u c t io n  o f  h ig h ly  r e a c t i v e  o x id a n ts  (such  as  OH^  
O^H and from th e  a c t i o n  o f  i o n i s i n g  r a d i a t i o n  on th e  d i s s o lv e d
oxygen in  body f l u i d s .  These r e a c t i v e  e n t i t i e s  can damage o r  i n a c t i v a t e  
enzyme system s by o x id a t io n  of t h i o l  groups (Hasegawa and L an d a h l.  1965).
The second  view  (C o le ,  Bond and F i s h i e r ,  1952) i s  t h a t  n i t r i t e  
a c c e l e r a t e s  th e  d e s t r u c t i o n  o f  (and p o s s i b ly  o rg a n ic  p e ro x id e s )  by
deco m p o si t io n  o f  t h e  Eh,® 2 “ ca^ a i ase  complex r e s u l t i n g  i n  t h e  fo rm a t io n  
o f  n i t r a t e  and w a te r .
I t  i s  p o s s i b l e  t h a t  th e  e f f e c t  i s  a com bination  o f  b o th  a c t i o n s ,  
b u t  g r e a t e r  c red e n ce  i s  g iv e n  to  th e  f i r s t  v iew  by t h e  f i n d i n g s  o f  
B ic h e ik in a  (1963) who r e p o r t e d  t h a t  n i t r i t e  low ered  th e  f r e e  oxygen 
c o n c e n t r a t i o n  when i n j e c t e d  in t r a v e n o u s ly  a t  a l e v e l  o f  30 mg/kg. A lso ,  
th e  removal o f  a n o x ia ,  d e s p i t e  th e  co n t in u e d  p re se n c e  o f  n i t r i t e  i n  th e  
body, appea red  to  remove th e  r a d i o p r o t e c t i v e  a c t i o n  (B ic h e ik in a ,  1965).
Sodium n i t r i t e  h a s  a l s o  been  used  to  i n h i b i t  th e  s i c k l i n g  of 
e r y th r o c y te s  i n  s i c k l e  c e l l  anaemia ( B e u t le r  and M ikus, 1961).  F o rm ation  
o f  m ethaem ogiobin by n i t r i t e  removed b lood  pigm ent from th e  oxyhaem oglobin 
reduced  haem oglobin  e q u i l ib r iu m  r e s u l t i n g  in  a low er c o n c e n t r a t i o n  of s i c k l  
ty p e  haem oglobin  a t  a g iv e n  oxygen t e n s i o n .  Yhen n i t r i t e  was a d m in is te r e d  
to  p a t i e n t s  and th e  m ethaem ogiobin c o n c e n t r a t i o n  i n  th e  b lo o d  ro s e  to  
g r e a t e r  th a n  20^  o f  th e  t o t a l  pigment^ t h e r e  was an in c r e a s e d  s u r v i v a l  o f  
re d  c e l l s .
• N i t r i t e  can a l s o  be used  as  a t h e r a p e u t i c  a g e n t  i n  cy an id e  o r
s u lp h id e  p o is o n in g  (White e t  a l .  i 959b). These a n io n s  complex w i th  th e  
f e r r i c  i r o n  of cytochrom e o x id a se  (see  C hap te r  1 . 2 . 1 . )  and p roduce  r a p i d l y  
f a t a l  r e s u l t s .  However th e s e  io n s  w i l l  a l s o  form complexes w i th  
methaemogiobin b u t  n o t  w i th  haem oglob in . A d m in i s t r a t i o n  o f  n i t r i t e  r e s u l t s  
i n  th e  a c c e l e r a t i o n  o f  methaem ogiobin  fo rm a t io n  and removed o f  cy an id e  
a s  th e  cyanmetiiaemoglobin complex, which i s  n o n - to x i c  and can  be s lo w ly
which i s  n o t  m e ta b o l i s e d  b u t  rem ains  u n t i l  th e  e r y th r o c y te  i s  p h a g o c y t is e d .
In  th e s e  examples th e  u se  o f  n i t r i t e  i s  v e ry  much d o u b le -e d g ed  
because  a l low ance  must always be made f o r  i t s  to x i c  s i d e - e f f e c t s .
C h a p te r  1 *2 * N i t r i t e  and B io lo g ic a J .  O x id a t io n —R e d u c t io n  System s
1 . 2 .1 .  M ito c h o n d r ia l  R e s p i r a to r y  Chain
The Sun p ro v id e s  a lm o s t  a l l  t h e  energy  n e c e s s a r y  to  m a in ta in  
l i v i n g  organism s and t h i s  r a d i a n t  energy  i s  t r a p p e d  and s to r e d  in  t h e  form 
o f  reduced  carbon  compounds in  g reen  p l a n t s  d u r in g  p h o t o s y n t h e s i s .
Energy l i b e r a t e d  from th e  o x id a t io n  o f  th e s e  compounds i s  th e  f i n a l  u s e f u l  
p ro d u c t  o f  s o l a r  energy  and i t  i s  t h e  s u b c e l l u l a r  o r g a n e l l e s ,  t h e  
m i to c h o n d r ia ,  -which have been re c o g n is e d  as  th e  c h i e f  c e n t r e s  o f  c e l l u l a r  
r e s p i r a t i o n .
M ito c h o n d r ia  were i d e n t i f i e d  around  1900. The p a r t i c l e s  can
v a ry  c o n s id e r a b ly  i n  number, s i z e  and shape i n  d i f f e r e n t  c e l l s  b u t  t h e i r
i d e n t i f i c a t i o n  i s  unambiguous i n  th e  v a s t  m a jo r i t y  o f  c a s e s .  M ito c h o n d r ia
a r e  found i n  a l l  a e ro b ic  c e l l s  o f  an im a ls  and p l a n t s .  The number p e r  c e l l
5
v a r i e s  from 20 up to  10 . T h e i r  d im ensions  a r e  a p p ro x im a te ly  th o s e  o f  
an  e l l i p s o i d  o f  r e v o l u t i o n  w i th  lo n g  and s h o r t  axes o f  1 .8  and C .3 m icrons 
r e s p e c t i v e l y .  The most s t r i k i n g  f e a t u r e  o f  th e  m ito ch o n d r io n  i s  th e  
membrane system : a smooth o u te r  membrane su rro u n d s  an in v o lu te d  in n e r  
membrane. The numerous f o l d s  on t h i s  in n e r  membrane, th e  c r i s t a e ,  
p e n e t r a t e  d e e p ly  in t o  th e  a p p a r e n t ly  s t r u c t u r e l e s s  m a tr ix  (o r  in n e r  
compartment) (See P l a t e -1). L inked  to  th e  in n e r  membrane and t h e  c r i s t a e  
a r e  numerous d i s t i n c t  s p h e r i c a l  a t ta c h m e n ts  which can be o b se rv ed  under  
th e  e l e c t r o n  m icroscope . They a r e  r e f e r r e d  t o  a s  t h e  in n e r  membrane sub­
u n i t s  o r  " e lem en ta ry  p a r t i c l e s " ,  th e  l a t t e r  te rm  b e in g  bestow ed by t h e i r  
d i s c o v e r e r s  Pernandez-M oran e t  a l .  (1964).
The m itochondrion  i s  v e ry  a p t l y  te rm ed  th e  "F:ower p l a n t  o f  th e  
l i v i n g  c e l l .  Many complex enzyme system s i n t i m a t e l y  in v o lv e d  w i th  th e  
o x id a t io n  o f  ca rb o h y d ra te s  or f a t t y  a c id s  a r e  lo c a t e d  s o l e l y  i n  t h e  
m ito ch o n d r io n .  The c i t r i c  a c i d  c y c le  en su re s  th e  o r d e r l y  o x i d a t i o n  
o f  p y ru v a te  and f a t t y  a c id s  as  f a r  a s  reduced  n ic o t in a m id e  a d e n in e  
d i n u c l e o t i d e s  (MADE and NADPH) and f l a v o p r o t e i n s ,  . w i th  p r o d u c t io n  o f
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c a rb o h y d ra te s  i s  u l t i m a t e l y  com pleted by th e  o x id a t io n  o f  th e  reduced  *
coenzymes NADH, IJADPII and f l a v o p r o t e i n  -with m o lecu la r  oxygen by way of an 
enzyme complex known as t h e  r e s p i r a t o r y  c h a in  (F ig .  1 . 1 . )  w i th  th e  coupled  
p r o d u c t io n  o f  phospha te  bond ene rgy ,  m echano-chem ical energy  and osm otic  
ene rgy .  The r e s p i r a t o r y  c h a in  c o n s i s t s  of an in g e n io u s  " t r a i n ' ’ o f  e l e c t r o n  
c a r r i e r s  a r ra n g e d  in  a sequence o f  i n c r e a s in g  o x id a t io n  -  r e d u c t io n  p o t e n t i a l s  
The p assag e  of e l e c t r o n s  down t h i s  ch a in  o f  c a r r i e r s  r e s u l t s  i n  th e  
c a r r i e r s  b e in g  a l t e r n a t e l y  reduced  and r e o x id i s e d  by th e  c a r r i e r  a d j a c e n t  
i n  p o s i t i o n ,  and i n  redox  p o t e n t i a l ,  u n t i l  th e  f i n a l  o x id a t io n  which 
in v o lv e s  m o lecu la r  oxygen.
The r e s p i r a t o r y  c h a in  i s  ex tre m ely  s p e c i f i c  i n  i t s  s u s c e p t i b i l i t y  
to  v a r io u s  i n h i b i t o r s  which can  b lo c k  e l e c t r o n  t r a n s f e r  a t  c e r t a i n  s i t e s  
a lo n g  th e  enzyme complex o r  can i n h i b i t  or uncouple  o x id a t iv e  p h o s p h o r y la t io n .  
Those i n h i b i t o r y  compounds and t h e i r  s i t e s  o f  i n h i b i t i o n  a r e  shown in  
F ig .  1 .1 .  and th e s e  compounds were in s t r u m e n ta l  i n  e l u c i d a t i n g  th e  
sequence of  e l e c t r o n  c a r r i e r s ,  and th e  mechanism of o x id a t iv e  p h o s p h o r y la t io n .
The s t r u c t u r e  and f u n c t i o n  o f  th e  r e s p i r a t o r y  c h a in  have been 
th e  s u b je c t  o f  i n t e n s e  i n v e s t i g a t i o n  f o r  o ve r  30 y e a r s .  A lthough  n o t  
s t r i c t l y  r e l e v a n t  to  th e  i n t e r a c t i o n  o f  n i t r i t e  w i th  th e  r e s p i r a t o r y  
c h a in  enzymes, a s h o r t  rev ie w  o f  th e  s a l i e n t  f e a t u r e s  o f  t h i s  t o p i c  i s  a 
j u s t i f i a b l e  pream ble to  th e  mechanism o f  c u r in g  d i s c u s s e d  l a t e r .
The e l e c t r o n  c a r r i e r s  o f  th e  r e s p i r a t o r y  c h a in  w i l l  each have 
d i f f e r e n t  d e g re e s  of o x id a t io n  under a g iv en  s e t  of c o n d i t i o n s  and th e  
s t e a d y  s t a t e  c o n d i t io n s  have been d i s c u s s e d  by Chance and Y i l l i a m s  (1956) 
and a r e  g iv e n  i n  Table 1 .1 .  C o n s id e r a t io n  o f  th e  thermodynamic r e l a t i o n s h i p s  
i n  th e  r e s p i r a t o r y  c h a in  (Tabic 1 . 2 . )  shows t h a t  t h e r e  a r e  t h r e e  p o in t s  
a t  which ATP s y n th e s i s  can o ccu r  assuming an energy  re q u i re m e n t  o f  
phospha te  bond fo rm a t io n  of  ap p ro x im a te ly  9 .5  k c a l /m o l .  The mechanism
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TAJtiLE I . Z . TliElhnUDINAMIC RELATIONSHIPS IN  THE RESPIRATORY CHAIN
1 t o —C a r r i e r  E*0 A e  0 rl  G- f o r  2e t r a n s f e r
(v) Tv) (cal.)
NAD -0 .3 2 0
F I  avopro-tei.il -0 .0 6 3
Cytochrome b -0 .0 4 0
Cytochrome c +0.250
Cytochrome a  +0.290
Oxygen . +0.815
( a f t e r  Palm er (1968))
A llow ing  f o r  an energy  re q u ire m e n t  of ap p ro x .  S Kcal p e r  mole f o r  ATP 
fo rm a t io n  t h e r e  a r e  t h r e e  s i t e s  i n  th e  r e s p i r a t o r y  c h a in  where t h i s  cou ld  
o c c u r .  (~ P)
+ 0 .257  -  11 ,850  ~ P
+ 0 . 0 2 3  -  1 ,060
+ 0 .290  -  13 ,370  ~  P
+ 0 . 0 4 0  -  1 ,840
+ 0 .525 -  24 ,210  ~  3
W J u  U U U J J X X U ^  \ J J L  C X C . ^ U X U A i  U A U / U O J J U A  U  \  a .  •  •  A  C  O ^ A A  U U x J  /  K J\J
p h o s p h o ry la t io n  o f  ADP ( i . e .  phospha te  bond e n e rg y ) ,  has been  th e  
s u b je c t  o f  much d e b a te  and i s  s t i l l  l a r g e l y  u n re s o lv e d .  The p ro c e s s  can 
be r e p r e s e n te d  most s im ply  by th e  scheme in  F ig .  1 .2 .  -  th e  s o - c a l l e d  
chem ical h y p o th e s i s  -  where A and B r e p r e s e n t  two o f  th e  e l e c t r o n
o
c a r r i e r s  and th e  t i l d e  {^) r e p r e s e n t s  a  "h ig h -e n e rg y "  bond, t h a t  i s ,  
one which has  a h ig h  energy  o f  h y d r o l y s i s .  An example o f  such  a 
bond i s  t h e  t e r m in a l  phospha te  bond o f  ATP. The h ig h  energy  in t e r m e d ia te  
Aro'X w i l l  produce an i n h i b i t i o n  of e l e c t r o n  t r a n s f e r  u n le s s  i t  i s  removed 
c o n t in u o u s ly .  This  i s  a ch iev ed  by add ing  s u f f i c i e n t  in o rg a n ic  phospha te  
(P^) and ADP to  d r iv e  t h e  p h o s p h o t r a n s f e r a s e  r e a c t i o n s  tow ard  ATP fo rm a t io n .  
I f  t h e  ATP i s  n o t  u t i l i s e d  th e  c o n c e n t r a t i o n  ,01 th e  h ig h  en e rg y  in t e r m e d i a te s  
w i l l  i n c r e a s e ,  th e re b y  c a u s in g  an i n h i b i t i o n  o f  e l e c t r o n  t r a n s f e r .
T h is  i s  th e  phenomenon o f  r e s p i r a t o r y  c o n t r o l :  th e  s t i m u l a t i o n  o f  r e s j i i r a t i o n  
on a d d i t i o n  o f  ADP and i n h i b i t i o n  i n  th e  absence o f  p h o sp h a te  a c c e p to r .
In  such an i n h i b i t e d  s i t u a t i o n  ( s t a t e  4 o f  Table 1 . 1 . )  th e  a d d i t i o n  o f  an 
u n co u p l in g  a g e n t  ( f o r  example d i n i t r o p h e n o l ,  DNP) r e v iv e s  e l e c t r o n  flow  
r e l e a s i n g  th e  c o n t r o l  e x e r t e d  by th e  p h o s p h o ry la t in g  system . Oligomy- 
c i n ,  on th e  o th e r  hand, i n h i b i t s  th e  p h o s p h o ry la t in g  mechanism i t s e l f  
and b r in g s  ab o u t  " p s e u d o - s ta te  4" c o n d i t io n s  and c e s s a t i o n  o f  e l e c t r o n  
t r a n s f e r .  I n  t h e  p re se n c e  o f  o lig o m y c in ,  DNP can s t i l l  p roduce u n c o u p l in g  
and r e s t o r e  th e  p assag e  o f  e l e c t r o n s .  I t  i s  i n  t h i s  way t h a t  th e  p a s s a g e  
o f  e l e c t r o n s  and s y n th e s i s  o f  ATP a r e  so c l o s e l y  a s s o c i a t e d .  ¥hen
es
m i to c h o n d r ia  a r e  " t i g h t l y  coupled" i t  means t h a t  th e  two p ro cess j^ a re  v e ry  
c l o s e l y  l in k e d ,  w i th  v e ry  l i t t l e  e x t ra n e o u s  ATPase which would r e g e n e r a t e  
ADP and p r e v e n t  th e  m ain tenance  o f  s t a t e  4 c o n d i t io n s .
The A ld r id g e  and P a rk e r  ( i960 )  medium used  e x t e n s i v e l y  i n  th e  
p r e s e n t  s tu d y ,  c o n ta in s  h ex o k in ase  and g lu c o se  so t h a t  ADP i s  c o n t i n u a l l y  
formed from ATP by s t im u la t io n  o f  th e  r e a c t i o n :  g lu c o se  + ATP*—■=— 
g Iu c o s e -6~phosphate 4  ADP.
o v e r a l l AH2 + B + ADP + ATP -!- A + BH2
A and B r e p r e s e n t  two e l e c t r o n  c a r r i e r s  and X and I  th e  
o u p l in g  f a c t o r s .  The t i l d e  ) r e p r e s e n t s  a  "h ig h  energy"  bond
.e .  one h av in g  a h ig h  f r e e  energy  o f  h y d r o ly s i s .
t o  some e x t e n t  by th e  m a in ly  a b o r t i v e  a t t e m p ts  to  i s o l a t e  th e  h ig h  energy
in t e r m e d ia te s  A ^X  and X ^ I  o f  th e  chem ica l th e o ry .  The second h y p o t h e s i s ,
term ed th e  chem i-osm otic  th e o r y ,  has  been  e x t e n s i v e ly  d i s c u s s e d  by
M i tc h e l l  (1961; 1966). The chem i-osm otic  th e o ry  does n o t  r e q u i r e  th e
e x i s t e n c e  o f  h ig h  energy  in t e r m e d ia te s  i n  t h e  c o n v e n t io n a l  s e n s e ,  td ia t
i s  e s s e n t i a l  to  t h i s  th e o ry  a r e  enzyme complexes fo rm ing  f u n c t i o n a l  u n i t s
w hich aj?e an i n t e g r a l  p a r t  o f  th e  membrane s t r u c t u r e .  E s s e n t i a l l y ,  th e
chem i-osm otic  th e o ry  p ro p o ses  t h a t  ATP i s  s y n th e s i s e d  by t h e  r e v e r s e  o f
.ATPase 'action .The e l e c t r o n  t r a n s p o r t  system  e f f e c t s  a v e c t o r i a l  o x id a t io n
o f  Krebs Cycle i n t e r m e d ia te s  l o c a t i n g  H+ io n s  on one s id e  o f  th e  membrane,
" o u t s id e " ,  and OH”  io n s  on th e  o th e r ,  " i n s i d e " .  The r e s u l t i n g  pH g r a d ie n t
can th e n  be u sed  f o r  th e  r e v e r s a l  o f  any r e a c t i o n  p o s s e s s in g  a h ig h
n e g a t iv e  f r e e  energy  o f  h y d r o ly s i s  w i th  th e  h ig h ly  ex e rg o n ic  fo rm a t io n  o f
w a te r  from i t s  io n s  p ro v id in g  th e  d r i v i n g  f o r c e  (P ig .  1 . 3 . ) .  I n  th e  chem i-
osm otic  th e o ry  th e  h ig h ly  s p e c i a l i s e d  p r o p e r t i e s  o f  th e  membrane a r e  th e
key  to  ATP s y n th e s i s  s in c e  th e  hydroxy l and hydrogen io n s  r e s u l t i n g  from
ATP fo rm a t io n  must escape  i n t o  th e  " o u ts id e "  and " in s id e "  p h a se s  r e s p e c t i v e
The t r a n s l o c a s e  enzyme r e s p o n s ib l e  i s  v i s u a l i s e d  as  b e in g  s i tu a ted  in  th e
o
membrane i n  an an iso trop ic  manner which would enab le  i t  t o  c a r r y  o u t  t h i s  
h ig h ly  s e l e c t i v e  d i v i s i o n .
It. s t i l l  rem ains  a c o n te s t e d  i s s u e  w hether  th e  pH g r a d i e n t s  
which a r e  known to  r e s u l t  from e l e c t r o n  t r a n s p o r t  (M .-tche il ,  1967) a re  
formed as  a consequence o f  th e  chem ica l t h e o ry  h y d r o ly s i s  o r  a s  a  p r im ary  
s t e p  in  ATP fo rm a t io n .  In  r e a l i t y  t h e  two a p p a r e n t ly  oppos ing  t h e o r i e s  
may n o t  be v e ry  d i f f e r e n t  and a com bina tion  o f  th e  two may r e p r e s e n t  th e  
t r u e  n a tu r e  o f  o x id a t iv e  p h o s p h o ry la t io n .  For example, th e  chem i-osm otic  
th e o ry  may be eq u a ted  to  a mechanism of A ^ X  and X ^ I  fo rm a t io n  v i a  
"coup led  d e h y d ra t io n "  r e a c t i o n s  from uncombined forms o f  A and X, a 
mechanism d e s c r ib e d  o n ly  t e n t a t i v e l y  i n  th e  chem ica l h y p o th e s i s .
FIG-. 1 .3 .  THE CHEMI-OSMOTIC THEORY OF OXIDATIVE PHOSPHORYLATION
In n e r  MembraneKrebs Cycle
I n te r m e d ia te s o f  M itochondrion
2e"O utside " I n s id e
Chain
20H”2H
2AHP + 2P.
2ATP +
2OH + 2H
2H.0
2H 0
A p ro to n  g r a d i e n t  i s  p roduced  by th e  r e s p i r a t o r y  chain-; t th e  
p ro d u c t io n  and rem oval o f  w a te r  which o c c u r ,  a s  d e t a i l e d  above , d r iv e  
th e  en dergon ic  s y n th e s i s  o f  ATP. ( a f t e r  H a l l  and Palm er, 1969).
concerned  t h i s  too  has  been  th e  s u b j e c t  o f  much a r d e n t  i n v e s t i g a t i o n  and 
c o n t ro v e r s y .
Green and G oldberger (1966) and H a t e f i  (1968). have i s o l a t e d  f o u r  
complexes shown in  F ig .  1 .4 .  each c o n s i s t i n g  o f  two o r  more components 
o f  th e  r e s p i r a t o r y  c h a in .  A l a r g e  amount of l i p i d  i s  e s s e n t i a l  f o r  th e  
a c t i v i t y  o f  t h i s  complex. This  a s s o c i a t i o n  w i th  th e  s t r u c t u r a l  e lem en ts  
o f  th e  m i to c h o n d r ia l  membrane m a in ta in s  th e  compounds i n  a c o n f ig u r a t i o n  
which a l lo w s  a r e c o n s t r u c t i o n  o f  th e  com plete  and a c t i v e  c h a in  i f  th e  
complexes a r e  mixed in  th e  c o r r e c t  s to i c h io m e t r i c  r a t i o s  ( H a te f i ,  1966). 
This  o b s e r v a t io n  u n d e r l i n e s  th e  im portance  o f  th e  m i to c h o n d r ia l  membrane 
s t r u c t u r e  i n  r e l a t i o n  to  th e  o p e r a t io n  o f  th e  r e s p i r a t o r y  c h a in .
The most s i g n i f i c a n t  advances i n  th e  s tu d y  o f  r e s p i r a t o r y  c h a in  
l o c a t i o n  have u n q u e s t io n a b ly  been made by R acker (1970 ) .  I n  an e x c e l l e n t  
c o n c ise  rev ie w  Racker con s ig n s  th e  r e s p i r a t o r y  c h a in  enzymes to  th e  in n e r  
m i to c h o n d r ia l  membrane in  th e  form o f  a s i n g l e  lo o p ,  w i th  b o th  "ends"  
( s u b s t r a t e  and cytochrome a^) s i t u a t e d  on th e  m a tr ix  s id e  (M -side) of 
t h e  membrane and cytochrome c on th e  C~side o f  th e  membrane. I t  i s  
p roposed  t h a t  th e  in n e r  membrane s u b u n i ts  a r e  th e  s i t e s  o f  o x id a t iv e  
p h o s p h o ry la t io n .  When th e  h e a d p ie c e s  were removed p h o s p h o ry la t io n  
d is a p p e a re d  and on r e c o n s t i t u t i n g  th e  p h o s p h o ry la t in g  system  th e  
h e a d p ie c e s  r e a p p e a re d  a t t a c h e d  to  th e  membrane. These o b s e r v a t io n s  
n e a t l y  te rm in a te d  th e  d i s c u s s io n  co n ce rn in g  th e  f u n c t i o n  o f  th e  h e a d p ie c e s  
w hich had p r e v io u s ly  c e n t r e d  on t h e i r  r o l e  i n  e l e c t r o n  t r a n s p o r t  r a t h e r  
th a n  o x id a t iv e  p h o s p h o ry la t io n .  The im p o r ta n t  concep t i s ,  t h e r e f o r e ,  
t h a t  p u r i f i c a t i o n  of th e  e l e c t r o n  c a r r i e r s  and t h e i r  removal from th e  
membrane can r e s u l t  i n  a change in  th e  s t a t e  o f  th e  c a r r i e r .  P u r i f i c a t i o n  
can o f t e n  mean i n a c t i v a t i o n .  Woodward (1968) e x p re s se d  th e  prob lem  
s u c c i n c t l y :  "The game has  changed from one a£ i s o l a t i n g  p u re  p r o t e i n s  to  
one o f  a t te m p t in g  to  i s o l a t e  an enzyme and i t s  l o c a t i o n a l  s i t e  i n  a  form 
as  i n t a c t  a s  p o s s i b l e . "
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i n c lude  th e  many and v a r io u s  a s p e c t s  o f  r e s p i r a t o r y  cha in  f u n c t i o n .
F or example i t  i s  'well known t h a t  ATP p ro d u c t io n  i s  n o t  th e  s o le  r e a c t i o n  
d i r e c t l y  dependen t on e l e c t r o n  t r a n s p o r t .  A p a r t  from b e in g  d r iv e n  by ATP 
g e n e ra te d  as  a r e s u l t  of o x id a t iv e  p h o s p h o ry la t io n ,  most e n e r g y - r e q u i r in g  
p ro c e s s e s  o c c u r r in g  i n  t h e  m ito ch o n d r io n  may a l s o  f u n c t i o n  a s  a r e s u l t  o f  
th e  c o u p l in g  r e a c t i o n s  th e m se lv es  i n  th e  com plete  absence  of ATP and 
in o rg a n ic  p h o sp h a te .  However, th e  r e le v a n c e  o f  the ' r e s p i r a t o r y  ch a in  
to  th e  b io c h e m ic a l  e f f e c t s  o f  n i t r i t e  and c u r in g  must be g iv en  prime 
c o n s id e r a t i o n  a t  t h i s  ju n c tu r e  and th e  su rv ey  o u t l i n e d  p r e v io u s l y  w i l l  
i t  i s  hoped, p ro v id e  a  s u i t a b l e  background to  t h i s  t o p i c .
Of th e  t h r e e  m ajor components o f  th e  r e s p i r a t o r y  c h a in ,  namely 
th e  p y r id i n e - l i n k e d  d eh y d ro g en ases ,  th e  fJavopro te ins  and th e  cy tochrom es , 
i t  i s  th e  cytochrom es which a r e  most c l o s e l y  concerned  w i th  t h e  a c t i o n  o f  
n i t r i t e  on th e  e l e c t r o n  t r a n s p o r t  system .
The cytochrom es a re  haem opro te in s  c o n ta in in g  haem a s  th e  
p r o s t h e t i c  g roup . In  t h i s  r e s p e c t  th e y  a r e  s i m i l a r  t o  o th e r  p r o t e i n s  
such  as haem oglobin , m yoglobin , c a t a l a s e  and p e r o x id a s e .  The cytochrom es 
have pronounced and c h a r a c t e r i s t i c  a b s o r p t io n  s p e c t r a  i n  th e  red u ce d  and 
o x id i s e d  forms b u t  i t  i s  th e  red u ced  form which d i s p l a y s  t h e  s t r o n g e r  
abso rbance  and i t  was th e  p o s i t i o n  o f  th e  red u ced  - a b s o r p t i o n  bands i n  
th e  " v i s i b l e "  r e g io n  o f  th e  spec trum  (500 ■ — 650 run) w hich '.gave r i s e  to  
th e  o r i g i n a l  c l a s s i f i c a t i o n  o f  th e  cytochrom es which e x i s t s  to d a y .  In  
f a c t ,  th e  cytochrom es ab so rb  more s t r o n g ly  i n  th e  S o re t  r e g io n  o f  t h e  
spectrum  (350 -  450 nm) b u t  th e :! r  CX-absorption bands a r e  f a r  more 
d i s c r e t e  th a n  th o s e  i n  th e  S o re t  r e g io n  ( K - b a n d s ) .  U sing b a k e r s  y e a s t  
K e i l i n  (1925) d is c o v e re d  t h r e e  a b s o r p t io n  bands a t  605, 562 and  550 inn 
and th e s e  bands were te rm ed a ,  b and c r e s p e c t i v e l y .  S u b se q u e n tly  i t  
was d is c o v e re d  t h a t  th e s e  a b s o r p t io n  peaks were th e  <* -b an d s  o f  t h r e e  
d i s t i n c t  cytochromes w hich were c o n se q u e n t ly  c a l l e d  cy tochrom es a ,  b and c 
and th e  nom encla tu re  has  p e r s i s t e d .  Numerous o th e r  cy tochrom es have b een
band as  an a ,  b o r  c ty p e  cytochrom e. I t  was l a t e r  t h a t  t h e i r  s i g n i f i c a n c e  
in  the  r e s p i r a t o r y  c h a in  enzyme complex was a p p r e c ia te d  (Chance and 
W il l ia m s ,  1956).
I t  i s  w e l l  documented t h a t  haem opro te in s  can form s t a b l e  
complexes w i th  c e r t a i n  s im ple  in o rg a n ic  m o lecu le s  o r  r a d i c a l s  known 
c o l l e c t i v e l y  a s  l i g a n d s .  The fo rm a t io n  o f  th e  s t a b l e  complex ca rboxy-  
haem oglobin  fi'om carbon  monoxide and haem oglobin  i s  an  obv ious  example o f  
t h i s  ty p e  of r e a c t i o n  i n  w hich th e  l i g a n d  b in d s  w i th  t h e  i r o n  atom of th e  
haem p r o s t h e t i c  group . K e i l i n  and H a r t r e e  (1939) showed t h a t  th e  t e rm in a l  
cytochrome o x id a se  was in  f a c t  composed o f  two components: cytochrom es a 
and a ^ .  They a r r i v e d  a t  t h i s  c o n c lu s io n  because  a b o u t  h a l f  o f  th e  cytochrome 
o x id a se  o f  h e a r t  p a r t i c l e s  underw ent a s h i f t  i n  th e  oC-band i n  th e  p re s e n c e  
o f  CO or HCN. They d e s ig n a te d  th e  p o r t i o n  t h a t  r e a c t e d  w i th  th e  l i g a n d s  
a s  cytochrome a^ and th e  u n r e a c t iv e  p o r t i o n  as  cytochrome a .  Cytochrome 
a^ i s  c o n s id e re d  to  be th e  p a r t  o f  cytochrome o x id a se  which combines w i th
oxygen and i s  th e  t r u e  te rm in a l  cytochrome o f  th e  r e s p i r a t o r y  c h a in .
I t  has  been d em o n s tra ted  t h a t  n i t r i c  ox ide  can i n t e r a c t  w i th  
i s o l a t e d  m i to c h o n d r ia l  cytochrome o x id a se  (Sekuzu e t  a l„  1959) and t h i s  
o b s e rv a t io n  was ex tended  to  show t h a t  sodium n i t r i t e  i t s e l f ,  on r e d u c t io n ,  
forms th e  n i t r o s y l  m oie ty  w hich b in d s  to  cytochrome a^ (C o lp a -B o o n s tra  
and M in n ae r t ,  1959). N i t r i c  ox ide  o r  th e  n i t r o s y l  r a d i c a l  can  form a 
complex o n ly  w i th  th e  red u ced  form o f  cytochrome a^ and i n  t h i s  way 
p a r a l l e l s  th e  b eh a v io u r  o f  o th e r  l i g a n d s  such as  CO.
N i t r i c  ox ide  has a l s o  been r e p o r t e d  to  form a complex w i th
cytochrome c ( K e i l i n  and H a r t r e e ,  1937a; Ehrenburg  and Szczepkow ski,  1960).
I n  t h i s  case  n i t r i c  ox ide  forms a complex w i th  b o th  th e  o x id i s e d  and 
reduced  forms o f  th e  pigm ent b u t  th e  fo rm a t io n  o f  th e  n i t r o s y l  red u ced  
cytochrome c o ccu rs  o n ly  under a l k a l i n e  c o n d i t io n s  (pH 1 2 ) .  E hrenburg
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c -  n i t r i c  ox ide  complex i s  l i k e l y  to  be o f  th e  form Fe -  NO ,
-Since th e  p o s i t i v e  n i t r o s y l  io n  (N0+) i s  i s o - e l e c t r o n i c  w i th  .carbon 
monoxide and l i k e  th e  l a t t e r  w i l l  form a s t a b l e  complex w i th  th e  reduced  
haem i r o n  o f  cytochrome c .  Oordy and Rexroad (1961) concluded  t h a t  th e  
bond formed between th e  n i t r i c  ox ide  and f e r r i c  i r o n  must be a c o - o r d in a te  
c o v a le n t  one i n  which th e  n i t r i c  ox ide  c o n t r i b u t e s  b o th  th e  sh a re d  e l e c t r o n s  
The im p o r ta n t  f e a t u r e  i n  t h i s  c o n te x t  i s  t h a t  n i t r i c  ox ide  w i l l  combine 
o n ly  w i th  o x id i s e d  cytochrome c a t  p h y s io lo g i c a l  pH v a l u e s .  The complex 
formed betw een th e s e  two compounds w i l l  th u s  be r e f e r r e d  to  a s  n i t r o s y l -  
f e r r ic y to c h ro m e  c d e s p i t e  th e  f a c t  t h a t  th e  i r o n  atom i s  th o u g h t  to  e x i s t  
i n  th e  f e r r o u s  form i n  th e  complex. T h is  te rm in o lo g y  w i l l  a  yo id  any 
co n fu s io n  betw een t h i s  complex and t h a t  formed between n i t r i c  o x id e  and 
fe r ro cy to ch ro m e  c .
N i t r i t e  has  been  r e p o r t e d  to  a c t  a s  an i n h i b i t o r  o f  a e r o b ic  
cytochrome o x id a se  a c t i v i t y  (W alte rs  and T a y lo r ,  1965) w hich i t  p resum ably  
accom plishes  by fo rm a t io n  o f  th e  n i t r o s y l f e r r o c y to c h r o m e  a^ complex. In  
c o n t r a s t ,  n i t r i t e  can a l s o  a c t  a s  a weak t e rm in a l  e l e c t r o n  a c c e p to r  to  th e  
r e s p i r a t o r y  c h a in .  The o x id a t io n  -  r e d u c t io n  p o t e n t i a l  f o r  t h e  r e d u c t io n  
o f  n i t r i t e  w i th  fo rm a t io n  of n i t r i c  ox ide  i s  + 0 . 9 9  Y  ( C h a r io t ,  B e z ie r  and 
C o u r to t ,  1958) and i t  i s  c l e a r ,  by r e f e r e n c e  to  Table 1 . 2 . ,  t h a t  t h i s  red o x  
p o t e n t i a .1 can r e p la c e  t h a t  o f  oxygen i n  th e  r e s p i r a t o r y  c h a in  seq u en ce .
I n  a r o l e  as  t e rm in a l  e l e c t r o n  a c c e p to r ,  n i t r i t e  i s  f a r  l e s s  e f f i c i e n t  
th a n  oxygen. Yamanaka, Ota and Okunuki (1960) have r e p o r t e d  a Pseudomonas 
cytochrome o x id a se  w i th  n i t r i t e  r e d u c ta s e  a c t i v i t y .
N i t r i t e  o r  i t s  r e d u c t io n  p ro d u c t  n i t r i c  ox id e  can  t h e r e f o r e  
a f f e c t  th e  r e s p i r a t o r y  c h a in  enzymes in  many ways. These i n t e r a c t i o n s  
were shown to  be im p o r ta n t  i n  c o n n e c t io n  w i th  th e  c u r in g  o f  m ea t ,  a 
d i s c u s s io n  o f  which i s  now g iv e n .
Haldane (1901) shoved t h a t  th e  r e d  c o lo u r  i n  cu red  meat was due
to  th e  fo rm a t io n  o f  n i t r o s y lm y o g lo b in  -  y e t  a n o th e r  example of a  n i t r i c
ox ide  haem complex, in  t h i s  case  w ith  th e  reduced  form o f  th e  muscle 
pigm ent m yoglobin.
N i t r i t e  w i l l ,  how ever, o x id i s e  myoglobin to  th e  brown f e r r i c  
form metmyoglobin i n  th e  same way as i t s  a c t i o n  on haem oglobin  (see  
C hap te r  1 . 1 . )  and s a t i s f a c t o r y  c o lo u r  developm ent t h e r e f o r e  in v o lv e s  th e  
r e d u c t io n  b o th  o f  n i t r i t e  and o f  th e  pigm ent i t s e l f .  The n e c e s s i t y  f o r  
r e d u c in g  c o n d i t io n s  was f i r s t  d em o n s tra ted  by Brooks (1937) who showed t h a t  
sodium n i t r i t e  r e a c t e d  w i th  oxyhaemoglobin to  y i e l d  e x c l u s i v e l y  
n i t ro s y lh a e m o g lo b in  on ly  i n  th e  p re sen ce  o f  a re d u c in g  a g e n t  such  as
d i t h i o n i t e .  F u r th e rm o re ,  .K eilin  and. H a r t r e e  (1937b) showed t h a t  n i t r i c  
ox ide  would r e a c t  w i th  b o th  haem oglobin  and methaemoglobin to  form th e  
co r re sp o n d in g  n i t r c s y l  d e r i v a t i v e s .  N itro sy lm eth aem o g lo b in  was, however, 
an u n s ta b l e  compound t h a t  e a s i l y  r e v e r t e d  to  n i t ro s y lh a e m o g lo b in  
p a r t i c u l a r l y  under a n a e ro b ic  c o n d i t i o n s .
In  a com prehensive s tu d y  of  th e  c u r in g  p ro c e s s  W a l te r s  e t  a l .  
(1968c) showed t h a t  oxymyoglobin was v e ry  s u s c e p t i b l e  to  o x id a t io n  by 
l e v e l s  of n i t r i t e  below  th o s e  u sed  in  c u r in g  and t h a t  th e  o n ly  p ro d u c t  
formed was metmyoglobin. Under s i m i l a r  c o n d i t io n s  n i t r o s y lm y o g lo b in  was 
c o m p a ra t iv e ly  r e s i s t a n t  to  th e  a c t i o n  of n i t d t e .  M etmyoglobin cou ld  
n o t  be reduced  by s k e l e t a l  muscle m i to c h o n d r ia  under a n a e ro b ic  c o n d i t io n s  
b u t  n i t ro sy lm e tm y o g lo b in  under th e  same c o n d i t io n s  was red u ced  to  
n i t ro sy lm y o g lo b in  -  th e  r e d  "cu red"  c o lo u r .  These w orkers  a l s o  found  
t h a t  under a n a e ro b ic  c o n d i t io n s  th e  in c u b a t io n  o f  n i t r i t e  and e n z y m ic a l ly  
reduced  cytochrome c in  th e  p re se n c e  o f  s k e l e t a l  muscle m i to c h o n d r ia  
r e s u l t e d  i n  th e  fo rm a t io n  o f  n i t r o s y l f e r r i c y i o c h r o in e  c .  The r e a c t i o n  
was slow a t  pH 7 . 0  b u t  was a c c e l e r a t e d  under a c id  c o n d i t io n s  r e l e v a n t  to  
t h e  c u r in g  p ro c e s s :  the  post-m ortem  pH o f  s k e l e t a l  m uscle i s  5 .8  -  6 .0 .
i n  th e  c o n te x t  o f  th e  c u r in g  j j rocess  (p ig .  1 . 5 . ) .
In  an a n a e ro b ic  env ironm ent,  s i m i l a r  to  t h a t  i n  th e  i n t e r i o r  o f
a b lo c k  o f  meat d u r in g  th e  c u r in g  p ro c e s s ,  n i t r i t e  can o x id i s e  (a) myoglobin ,
fo rm ing  th e  met form o f  th e  pigm ent and (b) th e  r e s p i r a t o r y  ch a in  as  a 
weak te rm in a l  e l e c t r o n  a c c e p to r .  In  t h i s  l a t t e r  p ro c e s s  n i t r i t e  i s  
reduced  to  NO which combines w i th  fe r r ic y to c h ro m e  c .  N i t r i c  ox ide  i s  
a l s o  p assed  on to  metmyoglobin to  form n i t ro sy lm e tm y o g lo b in  w hich, under 
a n a e ro b ic  c o n d i t i o n s ^ i s  r e a d i l y  reduced  to  n i t r o s y lm y o g lo b in  th u s  g iv in g  
r i s e  to  th e  c h a r a c t e r i s t i c  r e d  c o lo u r  o f  cu red  m eat. The r e s p i r a t o r y  
pathways of' t h e  muscle t i s s u e  a r e  s t i l l  a c t i v e  a f t e r  th e  d e a th  o f  th e  
an im al and W a lte rs  and T ay lo r  (1964) have shown t h a t  p o rc in e  muscle 
t i s s u e  can m e ta b o l i s e  n i t r i t e  to  n i t r i c  o x id e .
The p r e s e n t  i n v e s t i g a t i o n  was th e r e f o r e  concerned  p r i m a r i l y  w i th
s p e c t ro p h o to m e t r ic  o b s e rv a t io n s  o f  n i t r o s y l f e r r i c y t o c h r o m e  c formed i n  a 
s k e l e t a l  muscle m i to c h o n d r ia l  p r e p a r a t i o n  i n  v i t r o  i n  th e  p re s e n c e  o f  
sodium n i t r i t e  under  c o n d i t io n s  r e l e v a n t  to  th o se  u sed  i n  c u r in g .  The 
fo rm a t io n  o f  t h i s  complex had p re v io u s ly  been  d em o n s tra ted  u s in g  f a i r l y  h ig h  
c o n c e n t r a t i o n s  o f  cytochrome c i n  th e  p re se n c e  o f  sm all  amounts o f  
m i to c h o n d r ia l  su sp e n s io n  and th e  c o n f i rm a t io n  o f  i t s  fo rm a t io n  in  v i t r o  
was o f  g r e a t  im portance  i n  t h i s  c o n te x t .  I n  a d d i t i o n  th e  e f f e c t s  o f  
n i t r i t e  on th e  m i to c h o n d r ia l  r e s p i r a t o r y  c h a in  a s  a whole m e r i te d  more 
e x te n s iv e  s tu d y  and th e  r e l a t i o n s h i p s  o f  t h e s e  f in d in g s  to  p o s s i b l e  methods 
o f  im proving th e  c u r in g  p ro c e s s  cou ld  prove o f  c o n s id e ra b le  s i g n i f i c a n c e .
PROM ENDOGENOUS MIOGLOBIN AND ADDED NITRITE
Added
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M bO ^denotes oxymyoglobin; Met Mb, metmyoglobin ( f e r r i c ) ;  NOMetMb, 
n i t ro sy lm e tm y o g lo b in ;  NOMb, n i t ro s y lm y o g lo b in .
E*.T«C. t= E l e c t r o n  T r a n s p o r t  C h a in  .
A c o n s id e ra b le  amount o f  d i s c u s s io n  has  been devo ted  to  th e  
m i to c h o n d r ia l  r e s p i r a t o r y  c h a in .  A more r e c e n t l y  d is c o v e re d  r e l a t i v e  of 
t h i s  system  has been lo c a t e d  i n  th e  microsomal f r a c t i o n  o f  c e r t a i n  t i s s u e s  
( e . g .  l i v e r  and a d re n a ls )  and a b r i e f  exam ina t ion  o f  t h i s  s u b je c t  i s  n o t  
o u t  o f  p la c e  h e r e .
wherea,s th e  f u n c t i o n  o f  th e  m i to c h o n d r ia l  r e s p i r a t o r y  c h a in  i s  
a m e ta b o l ic  o x id a t io n  of s u b s t r a t e s ,  t h a t  o f  th e  m icrosom al system  i s  a 
s y n t h e t i c  o x y g en a t io n  o f  many compounds, p a r t i c u l a r l y  " f o r e ig n  compounds".
The • o f  th e  e f f e c t s  and m etabolism  o f  f o r e ig n  compounds on th e
body i s  p a r t i c u l a r l y  im p o r ta n t  i n  p r e s e n t - d a y  l i f e  i n  v iew  o f  th e  
■widespread u se  o f  s e l e c t i v e l y  to x i c  chem ica ls  such  as  p e s t i c i d e s ,  m ed ic ines  
and food a d d i t i v e s  i n  the  env ironm ent.  These and many o th e r  f o r e ig n  
compounds undergo a v id e  range  o f  m e ta b o l ic  t r a n s f o r m a t io n s  many of  which 
a r e  c a t a ly s e d  by enzymes o f  th e  endoplasm ic ret:> eulum o f  th e  l i v e r .  On 
h om ogen isa tion  th e  endoplasm ic r e t i c u lu m  i s  fragm en ted  t o  form sm all  
v e s i c l e s  known as microsomes. The microsomal f r a c t i o n  i s  l i g h t e r  th a n  
th e  m i to c h o n d r ia l  f r a c t i o n  and i s  sed im ented  by c e n t r i f u g a t i o n  a t  
100,000  x g .
The microsom al enzymes a r e  g e n e r a l l y  r e s p o n s ib le  f o r  h y d r o x y la t io n  
r e a c t i o n s  such a s  a ro m a tic  h y d ro x y la t io n ,  a c y c l i c  o x id a t io n ,  0- d e a lk y la t . io n ,  
N -d e a lk y l a t i o n ,  d eam in a t io n  and s u lp h o x id a t io n  (P a rk e ,  1968) .  The t r a n s ­
fo rm ations  u s u a l l y  re n d e r  f o r e ig n  compounds more p o la r  and th e r e b y  more 
r e a d i l y  e x c re te d .  In  a d d i t i o n  c h o l e s t e r o l  m etabo lism , f a t t y  a c i d  h ia n d M -1  
, o x id a t io n  and haem and s t e r o i d  c a ta b o l i sm  a r e  a l l  f u n c t i o n s  o f  th e  endoplasm ic  
r e t i c u lu m  o f  th e  l i v e r .
The h e p a t i c  m icrosom al h y d ro x y la t in g  system  i s ,  i n  e f f e c t ,  an  
e l e c t r o n  t r a n s p o r t  system  w ith  re d u c in g  e q u iv a le n t s  g e n e ra te d  by 
NADPH and NADH and in  which oxygen i s  bound to  a  h aem o p ro te in ,  cytochrome 
P-450 (Omura e t  a l .  1965). In  t h i s  s t a t e  th e  oxygen i s  " a c t i v a t e d "  and 
e f f e c t s  th e  v a r io u s  h y d ro x y la t in g  r e a c t i o n s  concerned  w i th  t h e  m e tabo lism  
o f  f o r e ig n  compounds. I t  has  been r e c e n t l y  s u g g e s te d  (H i ld e b ra n d t  and
h e p a t i c  microsomal d rug  m etabo lism , a NADPH -  cytochrome c r e d u c ta s e  and 
a NADH -  cytochrome h^ r e d u c t a s e .  The r o l e  o f  th e  m icrosom al cytochrome 
b,_ i n  t h i s  system  i s  c o n s id e re d  to  be th e  p r o v i s io n  o f  a second e l e c t r o n  
n e c e s s a ry  i n  m ix e d - fu n c t io n  o x id a t io n  r e a c t i o n s .  The m icrosom al e l e c t r o n  
t r a n s p o r t  system  i s  s c h e m a t ic a l ly  r e p r e s e n t e d  in  P ig .  1 .6 .  Cytochrome 
P-450 i n  i t s  reduced  form p o s s e s s e s  an a f f i n i t y  f o r  carbon  monoxide; 
th e  CO-cytochrome P-450 complex d i s p la y s  a c h a r a c t e r i s t i c  a b s o r p t i o n  a t  
450 nm -with r e f e r e n c e  to  a reduced  non-complexed sample and t h i s  c h a r a c t e r i s t i  
i s  used  in  th e  d e t e c t i o n  and measurement o f  t h i s  cytochrom e.
M icrosomal enzymes can  a l s o  reduce  c e r t a i n  f o r e i g n  compounds; 
f o r  example, a ro m a tic  n i t r o  and azo com pounds.are reduced  to  am ines .
I t  has  been su g g es ted  t h a t  microsom al enzymes such as  NADPH -  cytochrome c 
r e d u c ta s e  o r  NADH -  cytochrome b r e d u c ta s e  reduce  FAD to  FADH0 ■which 
th e n  red u ces  th e  f o r e ig n  compounds n o n -e n z y m ic a l ly .
The m etabolism  o f  f o r e ig n  compounds can fo l lo w  o th e r  t r a n s ­
fo rm a t io n s ,  f o r  example c o n ju g a t io n  r e a c t i o n s  i n  which r e a d i l y  a v a i l a b l e  
endogenous s u b s t r a t e s  ( e .g .  g lu c o ro n ic  a c i d  and s u lp h a te )  c o n ju g a te  w i th  
a f u n c t i o n a l  group on th e  f o r e ig n  ccmpouncL r e n d e r in g  i t  l e s s  l i p i d  
s o lu b le  and more polar^ a id in g  e x c r e t io n  from th e  body.
The m icrosom al d rug  m e ta b o l i s in g  enzyme system s can be induced  
by f o r e ig n  compounds o f  many d i f f e r e n t  t y p e s ,  among them c a rc in o g e n s  
( e .g .  b enzo (a )  p y ren e ,  3 m e th y lc h o la n th r e n e ) , b a r b i t u r a t e s ( e . g. p h e n o b a rb i to n e )  
and i n s e c t i c i d e s  ( e .g .  DDT). N i t ro u s  ox ide  has  a l s o  been  r e p o r t e d  to  
induce microsomal enzymes (Conney, 1967). The e f f e c t  o f  sodium n i t r i t e  
on t h i s  system  i s  co m p le te ly  unknown and in  th e  p r e s e n t  i n v e s t i g a t i o n  th e  
e f f e c t s  o f  n i t r i t e  a d m in i s t r a t i o n  in  v ivo  w i l l  be i n v e s t i g a t e d ,  w i th  
p a r t i c u l a r  r e g a rd  to  th e  e f f e c t s  on t y p i c a l  examples o f  a m icrosom al 
h y d ro x y la t in g  and a  microsomal re d u c in g  enzyme. A n i l in e  4 -h y d ro x y la s e  i s  
u sed  a s  an example o f  th e  h y d ro x y la se  a c t i v i t y  o f  th e  microsome f r a c t i o n .
FIG. 1 .6 .  ' THE MICROSOMAL ELECTRON TRANSPORT CHAIN.
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The schem atic  r e p r e s e n t a t i o n  above shows th e  p o s s i b l e  i n t e r a c t i o n s  
o f  th e  two ty p e s  o f  r e s p i r a t o r y  c h a in  in v o lv ed  in  h e p a t i c  m icrosom al d rug  
m etabo lism . The cytochrom es a r e  d e s ig n a te d  a s  b r and P -450 . NADH- cytochrome 
b,_ r e d u c ta s e  and NALPH-cytochrome c r e d u c ta s e  a r e  i n d i c a t e d  as  fp ^  and 
fp^, r e s p e c t i v e l y .  S u b s t r a t e  and th e  h y d ro x y la te d  p ro d u c ts  a r e  sh o rn  as  
S and SOH r e s p e c t i v e l y .
( a f t e r  H i ld e b ra n d t  and E s ta b ro o k ,  1971 .)
A n i l in e  i s  h y d ro x y la te d  on th e  4 p o s i t i o n  o f  th e  benzene r i n g  to  produce 
p)-aminophenol (Eqn. 1.3.,)*
NH
H y d ro x y la t io n  y Eqn. 1 .3
a n i l i n e p-am inophenol
As r e g a rd s  r e d u c ta s e  a c t i v i t y  p ) -n i t ro b e n z o ic  a c i d  r e d u c ta s e  
i s  a s im ple  enzyme- t o  m easure and i s  b e l i e v e d  to  be cytochrome P-450 
m ed ia ted  ( G i l l e t t e ,  Kamm and Sasame, 1968). In  t h i s  r e a c t i o n  p p -n itro b en zo ic  
a c id  i s  reduced  to  p>-aminobenzoic a c id ;  th e  r e a c t i o n  i s  b e l i e v e d  to  
in v o lv e  n i t r o s o  and hydroxylam ine in t e r m e d ia te s  (Eqn. 1 . 4 . ) .
R eductase
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Eqn. 1 .4
The pD -nitrobenzoic  a c id  r e d u c ta s e  can  be s tu d ie d  ipi v i t r o  
o n ly  under  a n a e ro b ic  c o n d i t io n s  i n  th e  p re se n c e  o f  NADPH (o r  NADH) and 
a f l a v i n  c o - f a c t o r  (FADH2 ) .
In  a d d i t i o n ,  th e  e f f e c t s  o f  n i t r i t e  a d m i n i s t r a t i o n  on NADPH -  
cytochrome c r e d u c t a s e  a c t i v i t y  and th e  l e v e l s  o f  th e  m icrosom al cy tochrom es
bj_ and P-450 ■will be i n v e s t i g a t e d .
A s tu d y  of th e  e f f e c t s  o f  n i t r i t e  on t h i s  system  i s  o f  
p a r t i c u l a r  inqportance because  i t  i s  known t h a t  th e  t o x i c i t y  o f  th e  n i t r o s a m in e  
r e s u l t s  from t h e i r  m etabo lism  to  to x i c  compounds by th e  m icrosom al d rug  
m e ta b o l i s in g  enzymes o f  th e  l i v e r  (see  C hap te r  1 . 1 . ) .  C le a r ly ,  any 
in d u c t iv e  e f f e c t  by n i t r i t e  on th e s e  enzymes cou ld  enhance th e  c a r c in o g e n e c i ty  
and t o x i c i t y  o f  th e  n i t r o s a m in e s  and in c r e a s e  th e  p o t e n t i a l  d a n g e rs  
a s s o c i a t e d  w i th  th e  i n g e s t i o n  o f  l a r g e  q u a n t i t i e s  o f  n i t r i t e .
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NITRITE INTERACTION WITH MUSCLE TISSUE REDOX SYSTEMS
The i n t e r a c t i o n s  o f  n i t r i t e  w i th  muscle t i s s u e  o x id a t io n -  
r e d u c t io n  system s have a l r e a d y  been d i s c u s s e d  (W alte rs  e t  a l , 1968a).  
P re v io u s  s tu d i e s  have been p r i n c i p a l l y  concerned  w i th  th e  i n t e r a c t i o n  
o f  n i t r i t e  w i th  whole muscle t i s s u e  a l th o u g h  work on i s o l a t e d  cytochrome 
c was a l s o  c a r r i e d  o u t .  In  t h i s  s e c t i o n  o f  th e  t h e s i s  th e  i n t e r a c t i o n s  
o f  n i t r i t e  were i n v e s t i g a t e d  a t  v a r io u s  l e v e l s  of c o m p lex ity  o f  muscle 
t i s s u e ,  and th e  o b s e rv a t io n s  from each system  were c o r r e l a t e d  in  an 
a t te m p t  to  d e f in e  th e  m o le c u la r  mechanisms in v o lv e d .
O bviously  th e  i n t e r a c t i o n  o f  n i t r i t e  w i th  whole muscle se rv ed  
as  an a p p r o p r ia t e  p re lu d e  to  any work o f  a more fundam en ta l  n a t u r e  
and th e  p r e l im in a r y  ex p er im en ts  a t te m p te d  to  in f lu e n c e  th e  n i t r i t e  
u t i l i s a t i o n  and n i t ro sy lm y o g lo b in .  fo rm a t io n  in  muscle minces tow ard  a 
b e t t e r  u n d e r s ta n d in g  o f  th e  p ro c e s s e s  in v o lv e d .
The r e s u l t s  o b ta in e d  u s in g  whole muscle proved  in c o n c lu s iv e  
and showed t h a t  a more fundam enta l approach  to  th e  work was r e q u i r e d .
The m i to c h o n d r ia l  f r a c t i o n  was chosen  as  th e  s i t e  o f  i n v e s t i g a t i o n  as  
cytochrom es of th e  r e s p i r a t o r y  c h a in  were known to  i n t e r a c t  and form 
complexes w i th  n i t r i t e  (C o lpa -B oonstra  & M innaert  1959; E h ren b e rg  & 
Szczepkowski 1960; W a lte rs  & T ay lo r  1965).
S u b seq u en tly  i t  was found n e c e s s a ry  to  i n v e s t i g a t e  th e  a c t i o n  
o f  n i t r i t e  on i s o l a t e d  enzyme system s to  s a t i s f a c t o r i l y  e x p la in  and 
co n f irm  th e  r e s u l t s  observed  in  th e  system s u s in g  i n t a c t  m i to c h o n d r ia .
In  t h i s  manner, th e  i n t e r a c t i o n  o f  n i t r i t e  w i th  m uscle  t i s s u e  
was i n v e s t i g a t e d  a t  d i f f e r e n t  l e v e l s  o f  o r g a n i s a t i o n  and c o m p le x i ty  as  
each  d i s c o v e ry  w a rra n te d  a more fundam en ta l approach  to  th e  p rob lem .
C h a p te r  2 . N i t r i t e  Breakdown and  N i t r o s y ih a e m  F o rm a t io n  
i n ; M usc le  Minces?
CHAPTER 2
NITRITE BREAKDOWN AND NITROSYLHAEM FORMATION IN MUSCLE MINCES
2 .1 .  I n t r o d u c t io n
In  t h i s  s e r i e s  of experim en ts  th e  a c t i o n  o f  n i t r i t e  
on whole s k e l e t a l  muscle was i n v e s t i g a t e d .  Haldane (1901) 
r e p o r t e d  t h a t  th e  c h a r a c t e r i s t i c  r e d  c o lo u r  o f  cu red  meat 
was due to  th e  fo rm a t io n  o f  n i t ro s y lm y o g lo b in  and t h e r e f o r e  
th e  e f f e c t  o f  exogenous s u b s t r a t e s  on th e  fo rm a t io n  o f  n i t r o s y lm y o ­
g lo b in  and th e  u t i l i s a t i o n  o f  n i t r i t e  was examined.
2 .2 .  E xp er im en ta l
Source and p r e p a r a t io n  of muscle t i s s u e
In  t h i s  c o u n t ry  v i r t u a l l y  a l l  o f  th e  meat l i k e l y  t o  he 
cu red  i s  p o rc in e  i n  o r i g i n  and i t  was obvious t h e r e f o r e ,  t h a t  p ig  
s k e l e t a l  muscle shou ld  be u sed  f o r  a l l  experim en ts  i n  t h i s  p r o j e c t  
in c lu d in g  th o s e  in v o lv in g  m i to c h o n d r ia l  f r a c t i o n a t i o n .
The muscle was o b ta in e d  from a norm al commercial s l a u g h t e r ­
house where ante-m ortem  h i s t o r i e s  o f  th e  p ig s  were u n a v a i l a b l e .
Muscle t i s s u e  from th e  lumbar p a r t  o f  th e  c r u r a  of th e  d.iaphragm 
was removed from th e  anim al and im m edia te ly  p la c e d  on i c e  and t r a n s ­
p o r te d  to  th e  l a b o r a to r y .  As much f a t  a s  p o s s i b l e  was removed from 
th e  sample and th e  muscle was th e n  minced in  a sm a ll  hand t i s s u e  
g r in d e r  (A. G-allenkamp and Co. London). T h is  g r in d e r  was s u f f i c i e n t l j ?  
r o b u s t  to  cope w ith  th e  r a t h e r  tough  s k e l e t a l  muscle t i s s u e  and i t  
p roduced  a v e ry  f i n e  mince s u i t a b l e  f o r  th e s e  ex p er im en ts  and f o r  
h om ogen isa tion  p r e p a r a t o r y  to  m i to c h o n d r ia l  f r a c t i o n a t i o n  (C h ap te r  3 . 2 ) .
P r e p a r a t io n  o f  th e  m uscle mince was com pleted  w i th i n  2 .5  h o f  
th e  d e a th  o f  th e  an im a l .  •
In c u b a t io n  of Muscle T issu e
In c u b a t io n s  were c a r r i e d  o u t  a t  pH 6 .0  ( th e  o v e r a l l  av e ra g e  
pH o f  post-m ortem  muscle t i s s u e )  and 37°C in  A ld r id g e  and P a rk e r  (1960) 
p h o s p h o ry la t in g  medium c o n ta in in g  C hlorom ycetin  (0.1 mg/ml) to  i n h i b i t  
a n a e ro b ic  b a c t e r i a l  a c t i o n  in  th e  meat sam ples .  I n c u b a t io n  m ix tu re s  
were g e n e r a l l y  composed o f  3 . 0  g o f  muscle m ince, 3 . 0  ml o f  b u f f e r  and 
sodium n i t r i t e  a t  i t s  p e r m i t t e d  e f f e c t i v e  c o n c e n t r a t i o n  i n  c u red  meat 
p ro d u c ts  (3 mM).
In c u b a t io n s  were c a r r i e d  o u t  a n a e r o b ic a l ly  ( i n  Thunberg tu b e s )  
to  mimic th e  c o n d i t io n s  p r e v a i l i n g  in  th e  i n t e r i o r  o f  a b lo c k  o f  m uscle
t i s s u e  and t h e r e f o r e  r e l e v a n t  to  th e  c u r in g  p r o c e s s .  A n a e ro b ic i ty  
was ach iev ed  by r e p e a te d  e v a c u a t io n  o f  th e  tu b e s  and f l u s h i n g  w i th  
a rgon ,  and th e  samples were in c u b a te d  under an atm osphere o f  a rgon  
f o r  18 h .
D e te rm in a t io n  o f  r e s i d u a l  n i t r i t e
At th e  c o n c lu s io n  of  in c u b a t io n  th e  muscle sam ples were 
c e n t r i f u g e d  a t  26 ,000 g (30 m in .)  t o  sed im en t th e  meat s o l i d s .  The 
s u p e r n a ta n t  was poured  i n t o  a v o lu m e tr ic  f l a s k  and th e  meat p e l l e t  
washed r e p e a t e d ly  w i th  d i s t i l l e d  w a te r .  The o r i g i n a l  s o l u t i o n  was 
f i n a l l y  d i l u t e d  500 f o l d  and th e  n i t r i t e  c o n te n t  a s sa y e d  u s in g  an 
a z o -c o u p l in g  r e a c t i o n  w i th  s u lp h a n i la m id e  and n a p h th y le th y l e n e -  
d iam ine (N icho las  & Nason 1957) as  fo l lo w s :  su lp h a n i la m id e  (1 ml o f  
a 5$  (w/v) s o l u t i o n  i n  a p p ro x im a te ly  2 ,5  M h y d ro c h lo r i c  a c id )  was 
added to  th e  n i t r i t e  s o l u t i o n  fo l lo w ed  by aqueous n a p l i th y l e th y le n e d i -  
amine s o l u t i o n  (1 ml o f  0 .1 $  (w /v ) ) .  The c o lo u r  was a l low ed  to  d ev e lo p  
i n  th e  d a rk  f o r  30 m inu tes  and th e  e x t i n c t i o n  r e a d  a t  540 nm on a 
Unicam SP500 s p e c tro p h o to m e te r  u s in g ,  as  r e f e r e n c e ,  a sample s i m i l a r l y  
p re p a re d  from a meat in c u b a t io n  w i th o u t  added sodium n i t r i t e .
The c o n c e n t r a t i o n  of n i t r i t e  p r e s e n t  was computed by 
r e f e r e n c e  to  a s ta n d a rd  cu rve .  Average r e c o v e ry  of n i t r i t e  was 
a p p ro x im a te ly  97$  i n  meat samples c o n ta in in g  0 ,3  to  0 .5  g t i s s u e / m l .
D e te rm in a t io n  o f  n i t ro s y lh a e m  c o n te n t
This  was c a r r i e d  o u t  by th e  method due to  Hornsey ( 1956 ) .  
A cetone was added to  th e  in c u b a t io n  sample s lo w ly  w i th  s h a k in g  to  a 
f i n a l  c o n c e n t r a t i o n  o f  ace to n e  to  w a te r  o f  80$ (4:1 by v o lum e),  due 
a l low ance  b e in g  made f o r  th e  w a te r  c o n te n t  o f  th e  meat (7 0 $ ) .  The 
o n ly  p igm ents  e x t r a c t e d  in  q u a n t i t y  were n i t r o s y l  d e r i v a t i v e s  o f  haem, 
and as v i r t u a l l y  a l l  th e  pigment i n i t i a l l y  p r e s e n t  i n  th e  m uscle was
myoglobin , i t  cou ld  be s a f e l y  assumed t h a t  t h i s  p ro ced u re  was 
e x t r a c t i n g  th e  t o t a l  n i t ro sy lm y o g lo b in  c o n te n t  (and no o th e r  
p igm ent) o f  th e  meat sam ple.
A f te r  f i l t r a t i o n  a drop  of c o n c e n t ra te d  h y d r o c h lo r i c  a c id  
was added to  th e  s o l u t i o n .  The sample was th e n  s to p p e re d  o v e rn ig h t  
d u r in g  which time th e  n i t r o s y lm y o g lo b in  was co n v e r ted  to  a c i d  h aem a tin .  
The e x t i n c t i o n  o f  t h i s  s o l u t i o n  was r e a d  a t  512 nm. The n i t ro s y lm y o ­
g lo b in  c o n te n t  cou ld  be compared d i r e c t l y  w i th  th e  t o t a l  p igm ent c o n te n t  
u s in g  th e  a c id  h aem atin  method a l r e a d y  d e s c r ib e d  (Hornsey 1956) .
For t o t a l  pigm ent d e te rm in a t io n  th e  c o n c e n t r a te d  a c i d  was 
added to  th e  ace to n e  w h ile  th e  l a t t e r  was s t i l l  i n  c o n t a c t  w i th  t h e  
meat sam ple. A11 p i g m e n t s  were th e n  c o n v e r te d  to  a c id  h aem a tin  and 
a f t e r  f i l t r a t i o n  th e  e x t i n c t i o n  was r e a d  a t  512 nm. As th e  volumes 
of a l l  e x t r a c t i o n s  were th e  same, th e  amount of n i t r o s y lm y o g lo b in  
form ed, as a p e rc e n ta g e  of t o t a l  p igm ent p r e s e n t ,  cou ld  be c a l c u l a t e d  
by s im ple  com parison o f  th e  e x t i n c t i o n  v a lu e s  f c r  th e  two s o l u t i o n s  a t  
512 nm.
2 .3 .  R e s u l t s
The e f f e c t  o f  f i v e  "energy- p ro v id in g "  s u b s t r a t e s  on th e
c u r in g  p ro c e s s  (as  mimicked in  th e s e  ex p er im en ts)  was i n v e s t i g a t e d
from th e  v ie w p o in t  o f  n i t r i t e  u t i l i s a t i o n  i n  th e  muscle in c u b a t io n s .
The i n i t i a l  n i t r i t e  c o n c e n t r a t i o n  was 3 mM and c o n t r o l  sam ples were 
in c u b a te d  under  i d e n t i c a l  c o n d i t io n s  b u t  d id  n o t  c o n ta in  m uscle  t i s s u e .
The r e s u l t s  a re  p r e s e n te d  i n  T ab le  2.1 and s u g g e s t  t h a t  
o n ly  L -m alic  a c id  and o x o g lu t a r i c  a c id  cou ld  f a c i l i t a t e  n i t r i t e  
breakdown in  th e  absence o f  muscle t i s s u e ,  i . e .  th e  c o n t r o l  s o l u t i o n s ,
-and th e  h ig h  v a lu e s  o b ta in e d  i n  th e  c o r re sp o n d in g  meat sam ples m ere ly  
" r e f l e c t e d "  th e s e  h ig h  c o n t r o l  v a l u e s .  No o th e r  s u b s t r a t e  seemed to  
a f f e c t  th e  u t i l i s a t i o n  o f  n i t r i t e  and th e  e f f e c t s  o b se rved  u s in g  L -m alic  
and o x o g lu t a r i c  a c id s  may have been th e  r e s u l t  o f  a lo w er in g  o f  th e  pH
in  th e  sample d e s p i t e  th e  b u f f e r in g  a c t i o n  o f  th e  medium. These two
s u b s t r a t e s  were s u b se q u e n t ly  used  a t  h ig h e r  c o n c e n t r a t i o n s  t o  a s c e r t a i n  
any e f f e c t  th e y  might have had on th e  pH o f  th e  medium and on t h e  amount 
o f  n i t r i t e  u t i l i s a t i o n  and c o n v e rs io n  o f  m uscle pigm ent to  n i t r o s y lm y o ­
g lo b in .
The r e s u l t s  (Table 2 . 2 ) show q u i t e  c l e a r l y  t h a t  th e  u n u s u a l ly  
l a r g e  q u a n t i t i e s  o f  n i t r i t e  u t i l i s e d  and n i t r o s y lm y o g lo b in  form ed were 
due to  th e  low er pH o f  th e  samples to  which s u b s t r a t e  had been  added .
The d i f f e r e n c e  in  n i t r i t e  u t i l i s a t i o n  betw een th e  meat sam ples and t h e i r  
c o r re s p o n d in g  c o n t r o l s  was n e g l i g i b l e .  A r e p e a t  experim en t i n  w hich a l l  
samples were r e - b u f f e r e d  to  pH 6 .0  u s in g  p o ta ss iu m  h y d ro x id e  (50fo (w /v)) 
confirm ed  t h i s  (Table 2 . 3 ) .  In  t h i s  experim en t no enchancement o f  n i t r i t e  
u t i l i s a t i o n  o r  n i t ro s y lm y o g lo b in  fo rm a t io n  o c c u r re d  in  th e  sam ples c o n ta in ­
in g  exogenous s u b s t r a t e .  However, an i n t e r e s t i n g  p o in t  emerged from th e  
r e s u l t s  i n  Table: 2.1 i n  t h a t  a h ig h  l e v e l  o f  exogenous s u b s t r a t e  te n d e d  
to  i n h i b i t  n i t r i t e  u t i l i s a t i o n  and n i t ro sy lm y o g b b in  fo rm a t io n  where
TABLE 2 .1
EFFECT OF SEVERAL SUBSTRATES ON NITRITE UTILISATION IN SKELETAL MUSCLE MINCES
S u b s t r a t e
{
{ C o n c e n t ra t io n{
I U M )
I
(mM)
i
N i t r i t e  U t i l i s e d
T----  —- --------  ....... ........\ / f j\fo of  n i t r i t e  j T e s t  minus
added) j c o n t r o l  (%)
; >
Sodium s u c c in a te ( 0.1 1 .36 j 45 j 45 . j
10 .0 0 .7 0 23 23 I
C on tro l* 0.1 N il N i l | ]
10 .0 0.01 0 .3 ! —
| Sodium p y ru v a te 0.1 1 .09 36 | 36
10 .0 ! 0 .9 9 33 I 33
C o n tro l 0.1 N il N il ! -  !10 .0 [N il N il ! -  f
L -m alic  a c id 0.1 1 .20 ! 40 j 40 I
10 .0 1 .23 41 I 25 I
C o n tro l 0.1 N il N il II *
10 .0 0 .49 16 I -  I
' L -g lu tam ic  a c i d 0.1 1 .38 46 I 46 I
10 .0 0.65 22 22
C o n tro l 0.1 N il N i l —
10 ,0 N il m "" !
O x o g lu ta r ic  a c id 0.1 1 .32 44 44 . |
• 10 .0 1 .28 43 36
C o n tro l 0.1 N il N il “10 .0 0 .22 7 !
None - 1 .25 42 42 2
C o n tro l — N il  ! N i l I
A ll  in c u b a t io n s  (T ab les  2.1 -  2 .5 )  were a t  37°C under  a n a e ro b ic  
c o n d i t io n s  f o r  18 h i n  A ld r id g e  and P a rk e r  (1960) medium pH 6 . 0 .  The 
i n i t i a l  c o n c e n t r a t i o n  o f  sodium n i t r i t e  was 3 mM.
^ C o n tro l  sam ples c o n ta in  s u b s t r a t e  (where a p p r o p r ia te )  and n i t r i t e  b u t  no 
muscle t i s s u e .
EFFECT OF HIGH CONCENTRATIONS OF ADDED L-MALIC AND OXOGLUTARIC ACIDS ON
pH OF INCUBATION SAMPLE NITRITE UTILISATION AND NITROSY1MYOGLOBIN 
(NO-Mb) FORMATION
S u b s t r a te C o n c e n t ra t io n
(M)
pH of 
sample
N i t r i t e  U t i l i s e d &
c o n v e rs io n  
b f  Mb to  
NO-Jib
(mM) { f o  O f
n i t r i t e
a,dded)
T e s t
minus
c o n t r o l
L -m alic  a c id 0 .5 3 .5 3 .00 100 20 100
0.1 4 .5 2 .93 98 19 96
C o n tro l 0 .5 2 .4 2.41 80 - -
0.1 2 .8 2.38. 79 - -
O x o g lu ta r ic  a c id 0 .5 3 .0 3 .00 100 Zero 99
0.1 4 .0 3 .00 100 Zero 96
C o n tro l 0.1 1 .7 3 .00 100
0.1 2 .4 3 .00 100 - -
None - 5 .8 1.38 46 44 73
C o n tro l - 6 .0 0 .06 2 - -
The pH o f  th e  sample was measured a t  th e  com ple tion  o f  18 h i n c u b a t io n
TABLE 2 . 3 .
EFFECT OF L-MALIC AND OXOGLUTARIC ACIDS ON NITRITE UTILISATION AND 
NITROSYLMYOGLOBIN (NO-Mb) FORMATION IN MUSCLE MINCES BUFFERED TO 
pH 6 .0  APPROXIMATELY
S u b s t r a te C o n c e n t ra t io n pH of N i t r i t e  U t i l i s e d
_ _  ,
c o n v e rs io n
(M) sample (mM) (•/“ Of
n i t r i t e
added)
T e s t
minus
c o n t r o l
m
o f  Mb to  
No-Mb
L -m alic  a c id 0 .5 5 .8 1 . 55 52 49 42
0.1 5 .9 1 .26 42 42 49
C o n tro l 0 .5 5 .9 0 .1 0 3 - -
- 0.1 5 .9 Zero Zero - -
O x o g lu ta r ic  a c id 0 .5 5 .9 1.16 39 39 39
0.1 5 .9 1 .28 43 43 59
C o n tro l 0 .5 5 .9 Zero Zero - -
0.1 5 .9 Zero Zero -■ -
None - 5 .8 1 .80 60 60 71
C o n tro l
i
5 .9 0.01 0 .3 -
s u c c in a te  and g lu tam a te  were u sed  as s u b s t r a t e s .
T h is  was f u r t h e r  i n v e s t i g a t e d  u s in g  sodium s u c c in a te  over a 
wide range  of c o n c e n t r a t io n s  a t  pH 6 .0 .  The r e s u l t s  a r e  summarised in  
Table  2 .4  and show t h a t  th e  n i t r i t e  u t i l i s a t i o n  and c o n v e rs io n  o f  endogenous 
pigm ent to  n i t ro s y lm y o g lo b in  were i n v e r s e l y  p r o p o r t i o n a l  t o  th e  s u c c in a te  
c o n c e n t r a t i o n  and th e  h ig h e s t  v a lu e s  o c c u r re d  in  th e  sample t o  which no 
s u b s t r a t e  had been added.
For th e  meat samples which d id  n o t  c o n ta in  exogenous s u b s t r a t e  
th e  f i g u r e s  f o r  n i t r i t e  u t i l i s a t i o n  and n i t ro s y lm y o g lo b in  fo rm a t io n  were 
rem arkab ly  c o n s ta n t .  The m olar r a t i o  of n i t r i t e  to  n i t r o s y lm y o g lo b in  in  
th e s e  samples was v i r t u a l l y  th e  same (Table 2 . 5 ) .
EFFECT OF SODIUM SUCCINATE CONCENTRATION ON NITRITE UTILISA TIO N  AND
NITRQSILMTO GLCBIN (NO-Mb) FORMATION AT pH 6 .0
Cone e n t r a t i o n N i t r i t e  U t i l i s e d c/o c o n v e rs io n  o f  
Mb to  NO-Mb
j
(mM) (f» Of
n i t r i t e
added)
T e s t  minus 
c o n t r o l  (fo)
1M. -  T e s t 0 .8 0 27 19 32
-  C o n tro l 0 .25 8 - -
100mM -  T e s t 0 .88 29 29 35
-  C o n tro l Zero Zero - -
10mM -  T e s t 0 .68 23 23 48
-  C o n tro l Zero Zero - -
1 uiM -  T e s t 0 .9 4 31 31 46
-  C o n tro l Zero Zero - -
No S u b s t r a t e 1 .41 47 47 65
C o n tro l Zero Zero - -
TABLE 2 . 5 .
MOLAR RATIOS OF NITRITE UTILISED AND NITROSYLMYOGLOBIN (NO-Mb) FORMED 
IN MUSCLE MINCES WITH NO EXOGENOUS SUBSTRATE
H i t r i t e  u t i l i s e d  
T e s t  -  c o n t r o l  : 
(|Ur»ol)
NO--Mb formed 
(pjmol)
R a t i o : 
NO-
N i t r i t e  to  
-Mb
-
8 .46 0 .378 22 : 1
10.70 0 .578 19 : 1
7,92. 0 .424 19 : 1
2 .4 .  D isc u s s io n
The i n h i b i t i o n  observed  w ith  v e ry  h ig h  c o n c e n t r a t i o n s  of 
exogenous s u b s t r a t e  i s  d i f f i c u l t  to  e x p la in  c o n c lu s iv e ly  b u t  a t  th e  
g r o s s l y  u n p h y s io lo g ic a l  l e v e l s  u sed ,  th e s e  compounds may have e x e r c i s e d  
a somewhat d e l e t e r i o u s  e f f e c t  on th e  o v e r a l l  m etabolism  o f  th e  meat 
t i s s u e .
The d rop  i n  pH observed  w ith  m a lic  and o x o g lu t a r i c  a c id s  
in c r e a s e d  b o th  th e  amount o f  n i t r i t e  m e ta b o l i s e d  and n i t r o s y lm y o g lo b in  
form ed. R e d u c t io n  o f  th e  pH r e s u l t s  i n  an  in c r e a s e  i n  th e  amount o f  
u n d i s s o c i a t e d  n i t r o u s  a c i d  i n  e q u i l ib r iu m  w ith  th e  d i s s o c i a t e d  form , 
which i s  t h e  sp ec ie s^ w h ich  r e a c t s  w i th  myoglobin to  form th e  n i t r o s y l  
d e r i v a t i v e .  T h is  i s  i n  agreem ent w i th  th e  work o f  Fox & Thompson (1963) 
who showed t h a t  fo rm a t io n  o f  n i t r o s y lm y o g lo b in  from m etm yoglobin, n i t r i t e  
and a s c o rb a te  i n c r e a s e s  w i th  d e c re a s in g  pH.
I t  i s  s i g n i f i c a n t  t h a t  th e  n i t r i t e  to  n i t r o s y lm y o g lo b in  r a t i o  
(Table  2 .5 )  i s  f a r  i n  ex ce ss  o f  t h a t  r e q u i r e d  f o r  s to i c h i o m e t r i c  combina­
t i o n .  T h is  phenomenon has  been  r e p o r t e d  e lsew here  (R e i th  & S z a k a ly ,  1967),  
and i s  p o s s i b ly  due to  s id e  r e a c t i o n s  o f  n i t r i t e  w i th  o th e r  components of 
th e  m ea t.
The absence o f  any s t im u la t o r y  e f f e c t  by th e  added s u b s t r a t e s  
e i t h e r  on n i t r i t e  u t i l i s a t i o n  o r  n i t r o s 3rlm yog lob in  fo rm a t io n ,  i n d i c a t e s  
t h a t  th e  low l e v e l s  of endogenous s u b s t r a t e  o r i g i n a l l y  p r e s e n t  i n  th e  
muscle were s u f f i c i e n t  to  promote maximal u t i l i s a t i o n  o f  n i t r i t e  and 
c o n v e rs io n  o f  muscle pigm ent to  n i t r o s y lm y o g lo b in .  T h is  c o n t r a s t s  w i th  
th e  f i n d i n g s  of W atts e t  a l .  (1966) who r e p o r t e d  t h a t  added NADH enhanced  
th e  r a t e  o f  r e d u c t io n  o f  metmyoglobin i n  s k e l e t a l  m uscle in c u b a te d  under 
an a e ro b ic  c o n d i t io n s .  T h e i r  e x p e r im e n ta l  p ro ced u re  was somewhat d i f f e r e n t  
from t h a t  u sed  i n  th e  p r e s e n t  s tu d y  i n  t h a t  th e  metmyoglobin was a r t i f i c i a l l y
produced  i n  th e  muscle t i s s u e  by th e  a d d i t i o n  o f  n i t r i t e  as an o x id i s i n g  
a g e n t .  N e v e r th e le s s ,  i t  co u ld  be argued  t h a t  a l th o u g h  W atts  and h e r  co­
w orkers  were p r i m a r i l y  conce rned  w ith  measurement o f  metmyoglobin r e d u c t io n ,  
i n  th e  p re se n c e  of n i t r i t e  t h i s  p a ram e te r  n e c e s s a r i l y  r e f l e c t e d  n i t ro s y lm y o ­
g lo b in  fo rm a t io n .  The maximum le n g th  o f  tim e t h a t  metmyoglobin r e d u c t io n  
was observed  i n  t h e i r  experim en ts  was o n ly  one ho u r ;  i n  th e  p r e s e n t  s tu d y  
any e f f e c t  due to  h ig h  c o n c e n t r a t i o n s  o f  exogenous s u b s t r a t e  may w e l l  have 
been  n e g a te d  b}^  th e  long  (18 h) in c u b a t io n  p e r io d .
W atts e t  a l fj (1966) a l s o  found t h a t  sodium am yta l i n h i b i t e d  
th e  r a t e  o f  r e d u c t io n  o f  metmyoglobin. They concluded  t h a t  th e  enzymic 
re d u c in g  system s of. muscle t i s s u e  (namely t h e 'm i t o c h o n d r i a l  r e s p i r a t o r y  
cha in )  cou ld  be in v o lv e d  in  t h i s  r e d u c t io n  p ro c e s s  by m e ta b o l i s in g  r e s 5 d u a l  
m o lecu la r  oxygen th e re b y  e s t a b l i s h i n g  and m a in ta in in g  th e  a n a e ro b ic  e n v i ro n ­
ment n e c e s s a ry  f o r  r e d u c t io n .  F u r th e rm o re ,  W a l te rs  & T a y lo r  ('i964) showed 
t h a t  r e d u c t io n  o f  n i t r i t e  must occur p r i o r  to  th e  fo rm a t io n  o f  n i t r o s y lm y o ­
g lo b in  in  s k e l e t a l  muscle m inces .  From t h i s  i t  i s  c l e a r  t h a t  to  o b ta in  more 
r e l e v a n t  in fo rm a t io n  on th e  a c t io n  o f  n i t r i t e  on s k e l e t a l  muscle d u r in g  th e  
c u r in g  p r o c e s s ,  a more fundam en ta l approach  to  th e  problem i s  r e q u i r e d ,  
in c lu d in g  an i n v e s t i g a t i o n  of  th e  a c t i o n  o f  n i t r i t e  on th e  red o x  system  
of th e  i n t a c t  m i to c h o n d r ia l  r e s p i r a t o r y  c h a in .
G h a p te r  3 * M i to c h o n d r i a l  P r e p a r a t i o n s  From S k e l e t a l  M uscle
CHAPTER 3
MITOCHONDRIAL PREPARATIONS FROM SKELETAL MUSCLE
3 .1 .  I n t r o d u c t io n
S k e le t a l  muscle i s  n o to r i o u s l y  d i f f i c u l t  to  homogenise 
w i th o u t  c a u s in g  e x te n s iv e  s u b - c e l l u l a r  damage and r e q u i r e s  l a r g e  
s h e a r in g  f o r c e s  to  produce a s a t i s f a c t o r y  s l u r r y .  In  p a r t i c u l a r  
hom ogen isa tion  g iv in g  an e f f i c i e n t ,  c o n t r o l l e d  and r e p r o d u c ib le  
d i s r u p t i o n  i s  r e q u i r e d .  The hom ogeniser d e s c r ib e d  by A ld r id g e ,
Emery & S t r e e t  (1960) was u sed  f o r  th e  m a jo r i t y  o f  th e  homogenisa­
t i o n  p ro c e d u re s  in  t h i s  work and was found to  be i d e a l .  However, 
c o n s id e ra b le  a l t e r a t i o n  and improvement to  t h e  e x t r a c t i o n  p ro c e d u re  
was made d u r in g  th e  co u rse  o f  th e  p r o j e c t  to  ensure  t h a t  t h e  concen­
t r a t i o n  o f  m ito c h o n d r ia  i n  th e  r e l e v a n t  f r a c t i o n  was as h ig h  as 
p o s s i b l e  and t h a t  an a c t i v e l y - r e s p i r i n g  p r e p a r a t i o n  was o b ta in e d .
3 . 2 .  E x p e r im en ta l  
H om ogenisation
The p o rc in e  s k e l e t a l  muscle u sed  in  th e s e  ex p er im en ts  was 
p a r t i c u l a r l y  tough  and had to  be f i n e l y  minced b e fo re  h o m o g e n isa t io n .  
P r e p a r a t io n  o f  th e  meat was c a r r i e d  ou t as d e s c r ib e d  i n  C hap te r  2 .2 .  
and a p p ro x im a te ly  25 g o f  minced p ro d u c t  was homogenised a c c o rd in g  
to  th e  method of  A ld r id g e  e t  a l .  (1960) i n  th e  V e b s te r  & Smith (1964) 
m o d i f i c a t io n  o f  th e  hom ogeniser a t  0 -  5°C. The p e rs p e x  p e s t l e  r o t a t e d  
i n  a c l o s e - t o l e r a n c e  V e r id ia  g l a s s  tu b e  (Chance B ro s .  L t d . ,  M alvern  
L in k ,  V o rc s .)  o f  i n t e r n a l  d ia m e te r  30 mm. The c le a r a n c e  betw een th e  
p e s t l e  and tu b in g  i s ,  t h e r e f o r e ,  a c c u r a t e l y  known and can  be e a s i l y  
v a r i e d  u s in g  a range  of d i f f e r e n t  s i z e d  p e s t l e s .  , I n  th e  o r i g i n a l  
hom ogen isa tion  p ro ced u re  15 t h r u s t s  of a p e s t l e  hav ing  a t o t a l  c l e a r a n c e  
o f  0 .02  i n  were u sed  fo l lo w e d  by a f u r t h e r  15 t h r u s t s  of a 0.01  in  
c l e a r a n c e  p e s t l e .  The p e s t l e s  were o c c a s i o n a l l y  w iped  f r e e  o f  any 
c l i n g in g  f a t  m a t e r i a l  which f o r t u n a t e l y  seemed to  ad here  t o  th e  p e rs p e x  
r a t h e r  th a n  to  th e  g la s s  of th e  hom ogeniser .  T ris -K C l medium o f  th e  
fo l lo w in g  com posi tion  (pH 7 .4 )  T r is -H C l 100 mM; KC1 50 mM; MgCl^ 5 mM; 
EDTA 1 mM; ATP 1 mM was u se d .
The s l u r r y  was em ptied  from th e  hom ogeniser i n t o  a co o led  
c o n ic a l  f l a s k  and th e  hom ogeniser r i n s e d  w ith  50 ml o f  i c e - c o l d  T ris -K C l 
medium. The b u lked  p o r t i o n s  were f i l t e r e d  th ro u g h  a b s o rb e n t  gauze and 
any s u r p lu s  l i q u i d  was squeezed  th ro u g h  to  g iv e  a p p ro x im a te ly  90 ml o f  
homogenate. The gauze f i l t e r  was s u f f i c i e n t l y  c l o s e l y  woven to  remove 
r e s i d u a l  f a t  o r  co n n e c t iv e  t i s s u e  b u t  p e r m i t t e d  a r a p i d  f i l t r a t i o n ,  
th e re b y  p r e v e n t in g  any undue te m p e ra tu re  r i s e  i n  th e  hom ogenate.
C e n t r i f u g a l  F r a c t i o n a t i o n
The homogenate was c e n t r i f u g e d  a t  1500 x g (10 min) to  sed im en t 
th e  n u c le a r  f r a c t i o n  and c e l l  d e b r i s .  The m i to c h o n d r ia l  p e l l e t s  were
p r e c i p i t a t e d  by c e n t r i f u g a t i o n  a t  14 ,000  x g (15 min) and th e  
combined m i to c h o n d r ia l  p e l l e t s  were washed w i th  T ris-K C l medium. At 
l e a s t  two w ash ings were n e c e s s a ry  f o r  a s a t i s f a c t o r i l y  s u b s t r a t e - f r e e  
p r e p a r a t i o n  b u t  even a f t e r  t h r e e  washes a c e r t a i n  amount o f  spon taneous  
r e s p i r a t o r y  a c t i v i t y  i n  th e  su sp e n s io n  o c c u r re d  due to  th e  p re s e n c e  of 
r e s i d u a l  endogenous s u b s t r a t e .
D e te rm in a t io n  o f  P r o t e i n  Content
The p r o t e i n  c o n te n t  o f  th e  su sp e n s io n  of washed m i to c h o n d r ia  
was measured by th e  A ld r id g e  (1957) m o d i f ic a t io n  of th e  Robinson and 
Hogben (1940) b i u r e t  method. In  th e  A ld r id g e  m o d i f ic a t io n  th e  su sp e n s io n  
i s  d e p r o t e i n i s e d  u s in g  an e t h ^ n o l - e th e r  m ix tu re  2:1 by v o l  to. a v o id  
o p a le sc en ce  which o f t e n  o c c u r re d  when t r i c h l o r a c e t i c  a c id  was u sed  as  
d e p r o t e i n i s i n g  a g e n t .  A f te r  c e n t r i f u g a t i o n  th e  p ro te in ,  p e l l e t  was 
d i s s o lv e d  i n  yfo (w/v) NaOII and th e  te m p e ra tu re  s o l u t i o n  was m a in ta in e d  
a t  55°C. Bovine serum album in was u sed  as th e  p r o t e i n  s t a n d a r d .
D e te rm in a t io n  of r e s p i r a t o r y  cytochromes
The m i to c h o n d r ia l  s u sp e n s io n  o b ta in e d  u s in g  th e  h o m o g e n isa tio n  
te c h n iq u e  p r e v io u s ly  d e s c r ib e d  had  a f a i r l y  h ig h  p r o t e i n  c o n te n t  and a 
c o r re s p o n d in g ly  h ig h  t u r b i d i t y .  The abso rb an ce  of  th e  su s p e n s io n s  was 
o f  th e  o rd e r  o f  2 .0  a t  550 nm, and i n  th e  S o re t  r e g io n  o f  th e  spec trum  
(350 to  450 nm) would have been  v e ry  much h ig h e r  and would have o bscu red  
th e  s p e c i f i c  a b s o r p t io n  due to  th e  cy tochrom es . However, d e t e r m in a t io n  
o f  a spectrum  w i th  r e f e r e n c e  to  a s ta n d a rd  i s  p o s s i b l e  s in c e  th e  non­
s p e c i f i c  l i g h t  a b s o r p t io n  due t o  t u r b i d i t y  o ccu rs  b o th  i n  r e f e r e n c e  and 
e x p e r im e n ta l  c e l l s .  S u f f i c i e n t  l i g h t  ene rgy  must s t i l l  be s u p p l i e d  to  
a c t u a t e  th e  p h o to m u l t i p l i e r  and t h e r e f o r e  a l l  o b s e rv a t io n s  w ere c a r r i e d  
ou t  on a Unicam SP300 au to m atic  r e c o rd in g  s p e c t ro p h o to m e te r .  T h is  i s  a 
p r ism  in s t ru m e n t  and use  o f  th e  h ig h e s t  (8E) p o s i t i o n  o f  th e  l i g h t  ene rgy  
c o n t r o l  en su red  t h a t  s u f f i c i e n t  energy  was a v a i l a b l e  f o r  a narrow  s l i t
w id th  (0 .05  mm) to  be u sed  g iv in g  s h a rp  s p e c t r a  w i th  good r e s o l u t i o n  
and a t o l e r a b l y  low n o is e  l e v e l .  In  t h i s  r e s p e c t  th e  SP800 was s u p e r io r  
to  a g r a t i n g  in s t ru m e n t  where f a r  l e s s  e n e rg y  i s  a v a i l a b l e  w i th o u t  l a r g e  
i n c r e a s e s  i n  th e  s l i t  w id th  and consequen t l o s s  of r e s o l u t i o n .
The c o n c e n t r a t i o n  o f  th e  r e s p i r a t o r y  c h a in  cytochrom es was 
c a l c u l a t e d  from th e  ' r e d u c e d  minus ox id ised*  a b s o r p t io n  s p e c t r a  (o x id i s e d  
sample as r e f e r e n c e )  of th e  m i to c h o n d r ia l  s u sp e n s io n s  u s in g  th e  " v i s i b l e ” 
r e g io n  o f  th e  spectrum  (500 to  650 nm). R e d u c tio n  of th e  su sp e n s io n s  was 
c a r r i e d  o u t  u s in g  e i t h e r  a few c r y s t a l s  o f  sodium d i t h i o n i t e  o r  by u s in g  
co m p le te ly  a n a e ro b ic  c o n d i t io n s  (under argon  in  a Thunberg ty p e  s p e c t r o ­
pho tom eter  c e l l )  w i th  added s u b s t r a t e  (0.1 mM.s u c c i n a t e ) . U s u a l ly  th e  
l a t t e r  te c h n iq u e  was employed.
D e te rm in a t io n  of r e s p i r a t o r y  a c t i v i t y  o f  m i to c h o n d r ia l  s u s p e n s io n s
Oxygen up tak e  was measured p o la r o g r a p h ic a l ly  u s in g  th e  Rank 
Oxygen e l e c t r o d e  (Rank B r o s . ,  B o tt ish am , Cambridge) connec ted  t o  an 
oxygraph (G ilso n  M edica l E l e c t r o n i c s ,  M id d le to n ,  W isconsin ,  U .S .A .)  
in c o r p o r a t in g  a p o l a r i s i n g  c i r c u i t  and r e c o r d e r .  The p la t in u m  e l e c t r o d e  
was p o l a r i s e d  0 . 6  Y n e g a t iv e  t o  th e  s i l v e r / s i l v e r  c h lo r id e  r e f e r e n c e  
e l e c t r o d e .
A l l  d e te rm in a t io n s  were c a r r i e d  o u t  i n  th e  A ld r id g e  and P a rk e r  
(1960) b u f f e r  f o r  o x id a t iv e  p h o s p h o ry la t in g  a t  pH 6 .0  ( i . e .  pH of p o s t ­
mortem m e a t ) .
3 . 3 .  R e s u l t s
M o d if ic a t io n  o f  h om ogen isa tion  te c h n iq u e
A m i to c h o n d r ia l  s u sp e n s io n  h av in g  a p r o t e i n  c o n te n t  o f  
a p p ro x im a te ly  2 .5  mg/ml (2 .5  mg/g wet w t ,  muscle t i s s u e )  and cytochrome 
c o n c e n t r a t i o n s  as shown i n  Table  3 .1 .  was p re p a re d .  Three m o d i f i c a t io n s  
were made to  th e  h om ogen isa tion  p ro ced u re  i n  an e f f o r t  to  i n c r e a s e  th e  
amount of m i to c h o n d r ia  e x t r a c t e d ,  and to  i n c r e a s e  th e  cytochrome c o n c e n t ra ­
t i o n  i n  th e  s u sp e n s io n .  The f i r s t  o f  th e s e  m o d i f ic a t io n s  was a r e d u c t io n  
in  th e  p e s t l e  c le a ra n c e  i n  th e  second hom ogen isa tion :  10 t h r u s t s  o f  a 
0 .005  i n .  p e s t l e  r e p la c e d  th e  15 t h r u s t s  of th e  0 .010  i n .  p e s t l e .  I t  
was hoped t h a t  th e  t i g h t e r  f i t  would in c re a s e ,  th e  amount of m i to c h o n d r ia  
e x t r a c t e d  w i th o u t  cau s in g  e x te n s iv e  damage to  t h e  o r g a n e l l e .  S econd ly , 
th e  1500 x g (10 min) c e n t r i f u g a t i o n  was red u ce d  to  750 x g (10 min) to  
m inim ise s e d im e n ta t io n  o f  heavy m i to c h o n d r ia  i n  the  d e b r i s  f r a c t i o n .  
O r i g i n a l l y  th e  r a t h e r  h ig h  c e n t r i f u g a t i o n  speed  had been  u sed  to  enhance 
pack ing  o f  th e  d e b r i s  b u t  r e d u c t io n  of t h i s  speed to  750 x  g d id  n o t  
ap p ea r  to  im pa ir  t h i s .  The t h i r d  a d a p t a t i o n  was th e  i n c l u s i o n  o f  1 mg/ml 
(0.1?&) bov ine  serum album in in  th e  e x t r a c t i o n  medium. Bovine serum album in  
has  been  r e p o r t e d  to  p r o t e c t  th e  p h o s p h o ry la t in g  enzymes o f  th e  m ito ch o n d r io n  
from i n h i b i t i o n  by f a t t y  a c id s  (W ojtczak and W ojtczak  1959; A ld r id g e  and 
S t r e e t  1968).
TABLE 3 . 1 .
CYTOCHROME CONTENTS OF PORK 'MUSCLE MITOCHONDRIA USING THE ORIGINAL 
EXTRACTION TECHNIQUE
Cytochrome Emax
(nm)
I.................<
E _1 r e d . -
E
1 ox *
t
1 cm + 
( r e d . - o x . )
Concn.
(NM)
Cytochrome
c o n te n t
([imol/g
p r o t e i n )
| R e fe re n ce
Oxidase 605
oo
0.010 4 .0 1 .6
l
'
G r i f f i t h s  & 
V harton  ( 1961)
b 562 o o VjO 0 .013 2 .3 0.92 G oldberge r  
e t  a l .  (1961)
c + c„ 1 550
i
0 .03 0.020  j 1 .5 0 .6 0 M arg o lia sh  & 
F r o h w i r t (1 959)
TABLE 3 . 2 .
CYTOCHROME CONTENTS AFTER FIRST MODIFICATIONS TO METHOD
Cytochrome Emax
(nm)
E ir e d . -
Eox.
NM
1 cm + 
( r e d . - o x . )
Concn. 
(N M)
Cytochrome
c o n te n t
(pm ol/g
p r o t e i n )
O xidase 605 0 .07 0 .010 7 .0 1 .5
b 562 0 .05 0.013 3 .8 0 .8 4
c + c^ 550 0 .05 0.020 2 .5 0 .56
TABLE 3 . 3 .
CYTOCHROME CONTENTS AFTER FINAL MODIFICATIONS TO METHOD
Cytochrome E[ max 
j (nm)
’ E * r e d . -
• EI ox.
I
[ 1 cm + 
( r e d . - o x . )
Concn.
( nm)
Cytochrome
c o n te n t
(N-mol/g
p r o te in )
Oxidase j 605 0 .1 0 0 .010 10 1 .3
b 562 0 .0 7 0 .013 5 .4 0.68
C +  Q 550 0 .0 7 0 .020 3 .5 0 .4 4
•f T h is  r e p r e s e n t s  t h e  d i f f e r e n c e  i n  e x t i n c t i o n  betw een m icrom olar  
s o lu t i o n s  o f  reduced  and o x id i s e d  cytochrom es i n  1 cm l i g h t -  
p a th s  a t  t h e  w ave leng th  s t a t e d  f o r  Emax
T his  group of m o d i f ic a t io n s  was s u c c e s s f u l  i n  p ro duc ing  
m i to c h o n d r ia l  su sp e n s io n s  w i th  h ig h e r  p r o t e i n  c o n te n ts  and improved 
a b s o r p t io n  s p e c t r a .  The p r o t e i n  was now a p p ro x im a te ly  4 .5  mg/ml (4 .5  
mg/g s k e l e t a l  m uscle) and th e  cytochrome c o n te n ts  a r e  summarised in  
Table 3 .2 .  I t  i s  s i g n i f i c a n t  t h a t  th e  cytochrome c o n te n t  p e r  g of 
p r o t e i n  was now lower th a n  th e  v a lu e s  o b ta in e d  i n i t i a l l y  (T ab le  3 .1 )  
a l th o u g h  th e  o v e r a l l  c o n c e n t r a t i o n  o f  cytochrom es i n  th e  s u sp e n s io n  
was in c r e a s e d .
In  a d d i t i o n  i t  was p o s s i b l e  to  make e l e c t r o n  m ic ro g ra p h s . of 
th e  su sp e n s io n  and th e s e  showed i n t a c t  m ito c h o n d r ia  v a ry in g  q u i t e  
m arkedly  i n  s i z e  ( P la t e  1 ) .  The m i to c h o n d r ia l  s u s p e n s io n  was f i x e d  i n  
osmium t e t r o x i d e  and s t a i n e d  u s in g  u r a n y l  a c e t a t e  c o u n t e r s t a in e d  w i th  
le a d  c i t r a t e .
The f i n a l  m o d i f ic a t io n s  made t o  th e  h o m o g en isa tio n  p ro ced u re  
a g a in  in c r e a s e d  p r o t e i n  v a lu e s  and in v o lv e d  f u r t h e r  r e d u c t io n  o f  th e  
p r e l im in a r y  c e n t r i f u g a t i o n  750 x g (10 min) to  600 x g (5 m in ) .  The 
p r e c i p i t a t e  so o b ta in e d  was washed and th e  washing b u lk e d  w i th  th e  
s u p e r n a ta n t  o b ta in e d  from th e  f i r s t  c e n t r i f u g a t i o n .  The p r o t e i n  con­
c e n t r a t i o n  was n e a r l y  doub led  (a p p ro x im a te ly  8 mg/ml s u sp e n s io n  e q u iv a le n t  
to  8 mg/g s k e l e t a l  m uscle) and th e  cytochrome c o n c e n t r a t i o n s  were a p p r e c ia b ly  
in c r e a s e d  (Table  3 . 3 ) .
Use o f  d i f f e r e n t  m i to c h o n d r ia l  i s o l a t i o n  te c h n iq u e s
The p r i n c i p a l  d is a d v a n ta g e  w i th  an io n i c  i s o l a t i o n  medium 
( e . g .  T ris-K C l)  i s  t h a t  h y d r o p h i l i c  e le m e n ts ,  e s p e c i a l l y  cytochrome c ,  
a re  le ach ed  o u t  o f  t h e  s u sp e n s io n .  T h is  does n o t  occu r  so r e a d i l y  i f  
a n o n - io n ic  medium i s  employed. However, th e  use  of a m a n n i t o l / s u c r o s e /
EDTA medium as  d e s c r ib e d  by Dow (1967) gave p r e p a r a t i o n s  w i th  much low er 
c o n c e n t r a t i o n s  of m i to c h o n d r ia l  p r o t e i n  and cy tochrom es . P r o t e i n  was o f  
t h e  o rd e r  o f  1 .5  mg/g s k e l e t a l  m uscle  and cytochrome c o n c e n t r a t i o n s  were
( „ \ V ct/
The mitochondrial suspension was fixed in osmium tetroxide and 
stained using uranyl acetate counterstained with lead citrate.
The photographs show the suspension at magnifications oi (a) 1_L; ..000 
and vo) 43*00u«•
g e n e r a l l y  l e s s  th a n  2.0NM  f o r  cytochrome o x id a se  and 1 .5  j-iM f o r  cytochrom es 
b and c .
S im i l a r l y ,  u n s a t i s f a c t o r y  r e s u l t s  were o b ta in e d  when th e
m echan ica l method of h om ogen isa tion  was r e p la c e d  w ith  an  enzymic one.
' ' ' ' The hom o g en isa tio n
was c a r r i e d  o u t a c c o rd in g  to  th e  method o f  B u llo c k ,  C a r te r  and W hite (1970) .
S k e l e t a l  muscle (25 g) was s t i r r e d  w ith  250 ml o f  Tris-KCl medium and 5 mg
of th e  p r o t e o l y t i c  enzyme ‘N a g a rse ’ (juO P.U.N./mg) f o r  30 min i n  an i c e -
b a th  (< 5°C ). /N ag a rse  i s  a c r y s t a l l i n e  p r e p a r a t i o n  o f  a p r o t e o l y t i c  enzyme
1(mol. w t.  ap p ro x im a te ly  30 ,000) i s o l a t e d  from B a c i l l u s  p r o te a s e  s t r a i n  N
1( r e f e r r e d  to  as  BPN ) .  I t  has  a v e ry  h ig h  p r o t e o l y t i c  a c t i v i t y  o f  wide 
s p e c i f i c i t y  (E a g ih a ra  1960^7 .
The c e n t r i f u g a l  f r a c t i o n a t i o n  was th e n  c a r r i e d  o u t  i n  t h e  u s u a l  
way and no m echan ica l h om ogen isa tion  was u s e d .  M though v e r y  low, th e  
p r o t e i n  and cytochrome c o n c e n t r a t i o n s  were s l i g h t l y  h ig h e r  th a n  th e s e  
o b ta in e d  u s in g  th e  m annito l/sucrose/ED TA  medium.
S p e c i f i c  a c t i v i t y  o f  marker enzyme
Cytochrome o x id a se  (E.C. 1 . 9 . 3 . 1 . )  -was ta k e n  as th e  m arker 
enzyme f o r  m i to c h o n d r ia ,  and was a s sa y e d  u s in g  red u ced  cytochrome c as 
s u b s t r a t e .  O x id a t io n  of fe r ro cy to ch ro m e  c was measured s p e c t r o p h o to m e t r i c -  
a l l y  a t  550 nm u s in g  a f u l l y  o x id i s e d  sample as  r e f e r e n c e .  The f i r s t  o rd e r  
v e l o c i t y  c o n s ta n t ,  k , f o r  th e  o x id a t io n  o f  fe r ro c y to c h ro m e  c was c a l c u l a t e d  
as  d e s c r ib e d  i n  C hap te r  6 .2 .  A t y p i c a l  d i s t r i b u t i o n  of cytochrom e o x id a se  
and p r o t e i n  i n  th e  v a r i o u s  muscle t i s s u e  f ra c t io n s  i s  shown i n  T ab le  3 . 4 .
The h ig h  p r o t e i n  re c o v e ry  was p ro b a b ly  due t o  s l i g h t  i n a c c u r a c i e s  
i n  th e  a s s a y  p ro c e d u re .  There i s  a h ig h  c o n c e n t r a t i o n  o f  cytochrom e o x id a se  
i n  th e  m i to c h o n d r ia l  f r a c t i o n  w ith  v e ry  low c o n c e n t r a t i o n s  i n  t h e  d e b r i s  
and s u p e r n a ta n t  f r a c t i o n s .  The w ashings ( t o t a l  of two) from  th e  m itochon­
d r i a l  p e l l e t  show a m oderate  l e v e l  o f  cytochrome o x id a se  a c t i v i t y  w hich  i s
TABLE 3 . 4 .
DISTRIBUTION OF PROTEIN AND CYTOCHROME OXIDASE (MITOCHONDRIAL MARKER 
ENZYME) IN FRACTIONS FROM SKELETAL MUSCLE HOMOGENATE
| T o ta l*  Cytochrom
F x & C t l O n  [ -n j  • 1 x *  * xP r o t e i n  { a c t i v i t y  
| (rag) j  (p e r  g 
| [ o r ig i n a l  
| | t i s s u e )
e o x idase  
k (sec  ) 
(pe r  mg 
p r o t e i n )
Enrichm ent
A c t i v i t i e s
Homogenate ( a f t e r  
gauze f i l t r a t i o n )
1152
I
5.75 0 .10
i
-
D eb r is  600 x g 
(5 min) 230 0 .32  0 .028  iiS?
X 0 .2 8
M ito c h o n d r ia  
14 ,000  x g 
(15 min)
112
I
3.19  0 .57 X 5 .7
S u p e rn a ta n t 756 1 .25 0.033 X 0 .33
Washings from 
m ito c h o n d r ia  (2 ) 108 0 .6 0 0.11 X 1 .1
io re c o v e ry  o f  p r o t e i n  i n  f r a c t i o n s  = 105^  
$  r r e c o v e ry  of a c t i v i t y  i n  f r a c t i o n s  = 93’fo 
* i n  20 g s k e l e t a l  muscle
t o  be ex p ec ted  and i s  p ro b a b ly  due t o  some d i s r u p t i o n  o f  th e  p e l l e t  
a t  th e  f i n a l  s ta g e  o f  p r e p a r a t i o n .
R e s p i r a t o r y  a c t i v i t y  of m i to c h o n d r ia l  f r a c t i o n
The r e s p i r a t o r y  c o n t r o l  index  ( R .C . I . )  i s  th e  r a t i o  between 
th e  r a t e s  o f  oxygen consum ption b e fo re  and a f t e r  th e  p r o v i s i o n  of 
phospha te  a c c e p to r  (ADP) to  th e  s u sp e n s io n  and i s  an i n d i c a t i o n  o f  th e  
degree  of co u p l in g  of o x id a t io n  and p h o s p h o ry la t io n  in  t h e  m ito c h o n d r io n ,  
and hence th e  i n t e g r i t y  o f  f u n c t i o n  i n  th e  o r g a n e l l e .
For d e te rm in a t io n  o f  th e  R . C . I .  hex o k in ase  (E.C. 2 . 7 . 1 . 1 . )  
was i n i t i a l l y  o m i t te d  from th e  A ld r id g e  and P a rk e r  (1960) medium. 
S u b seq u en tly ,  a f t e r  th e  a d d i t i o n  o f  s u b s t r a t e ,  hexok inase  was added to  
th e  t e s t  s u sp e n s io n  i n  o rd e r  to  l i b e r a t e  ADP, which i t  d id  by c a t a l y s i n g  
fo rm a t io n  of g lu c o s e - 6-p lio spha te  p lu s  ADP from g lu c o se  and ATP a l r e a d y  
p r e s e n t  i n  th e  s u sp e n s io n .  The ADP so p roduced  a c t e d  as th e  p hospha te  
a c c e p to r  f a c i l i t a t i n g  coup led  o x id a t iv e  p h o s p h o ry la t io n  and e n a b l in g  
th e  R .C . I .  t o  be d e te rm in e d .  Using t h i s  method th e  R .C . I .  was found  t o  
equa l 4 .6  i n  th e  p re s e n c e  o f  50 pM g lu ta m a te  as  s u b s t r a t e  (F ig .  3 . 1 ) .
F IG . 3 . 1 .  MEASUREMENT OF RESPIRATORY CONTROL INDEX IN  A MITOCHONDRIAL
SUSPENSION USING HEXOKINASE.
G lutam ate
H exokinase
Hexokinase
1 min
ze ro  0zero
E xpt.  1 E xp t.  2
Rate o f  r e s p i r a t i o n  ( a r b i t r a r y  u n i t s )
R .C .I .
B efo re  a d d i t i o n  A f te r  a d d i t i o n
o f  h ex o k in ase  o f  h ex o k in ase
E xp t.  1 O.A-1 2 .0  k .9
E xpt.  2 0 .3 2  2 .2  A -3
Average R .C .I .  v a lu e  ^ .6
M ito c h o n d r ia  were in c u b a te d  a t  37?C i n  A ld r id g e  and P a rk e r  ( i 960 ) medium 
pH 6 .0  w i th o u t  h e x o k in a se .  The s u b s t r a t e  added was g lu ta m a te  (30 pM) and 
th e  p r o t e i n  c o n te n t  o f  th e  in c u b a t io n  was ap p ro x im a te ly  30 mg
3 . 4 .  D i s c u s s i o n
The A ld r id g e  hom ogeniser (A ld r idge  e t  a l » 1960) gave an 
e f f i c i e n t ,  c o n t r o l l e d  d i s r u p t i o n  o f  th e  s k e l e t a l  m uscle .  The end o f  th e  
p e s t l e  i s  a cone o f  90° an g le  which f i t s  a c c u r a t e l y  in t o  th e  b ase  c a v i ty  
and i s  a shape which can be e x a c t ly  r e p e a te d  f o r  any number o f  p e s t l e s .
A lso ,  th e  c l o s e - t o l e r a n c e  g l a s s  tu b e  o f  th e  hom ogeniser, i f  b ro k en ,  can 
be r e p la c e d  by one w ith  an i d e n t i c a l  pe rfo rm ance .  These d e s ig n  f e a t u r e s  
t o g e t h e r  w i th  th e  h ig h - to r q u e ,  c o n s ta n t - s p e e d  motor u sed  t o  r o t a t e  th e  
p e s t l e  make good r e p r o d u c i b i l i t y  an in h e r e n t  c h a r a c t e r i s t i c  o f  th e  a p p a r a tu s .  
The p e s t l e s  were o c c a s i o n a l l y  t e s t e d  f o r  wear and t e a r  to  ensu re  th e  c l e a r ­
ances were a c c u r a t e l y  m a in ta in e d  and a f t e r  some two y e a r s  use  t h e  w ear on 
a l l  p e s t l e s  was below 0.0005 i n  (2 .5  -  IOffo) . The use  o f  t h i s  hom ogeniser 
t h e r e f o r e  en su red  a good p r e p a r a t io n  and one which cou ld  be a c c u r a t e l y  
rep ro d u ced  f o r  each muscle t i s s u e  sam ple .
n
Hulsmann, De Jong and Van Tol (1968) r e p o r t e d  t h a t  a t i g h t
hom ogeniser improved th e  y i e l d  and ‘q u a l i t y 1 (based  on th e  R . C . I .  v a l u e s )
o f  i s o l a t e d  r a t  m uscle m itochondria ;  Using a l o o s e - f i t t i n g  p e s t l e  ( c l e a r a n c e
n
0 .25  mm — 0.01 in )  Hulsmann e t  a l .  r e p o r t e d  an  R .C . I .  v a lu e  of 3 .3  w i th  
g lu tam a te  a s  s u b s t r a t e .  This  was r a i s e d  to  5 .4  when a t i g h t - f i t t i n g  
p e s t l e  ( c le a r a n c e  0 .1 0  mm — 0 .004  in )  was u se d ,  and th e  p r o t e i n  c o n te n t  
o f  th e  m i to c h o n d r ia l  f r a c t i o n  was a l s o  in c r e a s e d .  The R .C . I .  v a lu e  o f  5 .4  
compares f a v o u ra b ly  w i th  t h a t  o f  4 .6  o bse rved  in  th e  p r e s e n t  i n v e s t i g a t i o n ,
ii
and th e  f i n d i n g s  of Hulsmann e t  a h  c o r r e b a t e  v e ry  w e l l  w i th  th o s e  on p ig  
s k e l e t a l  m uscle  i n  t h i s  s tu d y .
Much em phasis must be p la c e d  upon th e  y i e l d  and c o n c e n t r a t i o n  
o f  cytochromes in  th e  m i to c h o n d r ia l  f r a c t i o n ,  because  e l u c i d a t i o n  of th e  
a c t i o n  of n i t r i t e  on th e  r e s p i r a t o r y  ch a in  r e q u i r e s  o b s e r v a t io n  o f  th e  
a b s o r p t io n  s p e c t r a  o f  th e  cytochrom es as th e  p r i n c i p a l  method i n  t h i s  
s tu d y .  A s u c c e s s f u l  c e l l  f r a c t i o n a t i o n  te c h n iq u e  must t h e r e f o r e  e x t r a c t  
as l a rg e  a m i to c h o n d r ia l  f r a c t i o n  as p o s s i b l e ,  w i th o u t  in t r o d u c in g  e x t ra n e o u s  
p r o t e i n  i n t o  th e  p r e p a r a t i o n ,  to  f a c i l i t a t e  th e  d e te r m in a t io n  o f  a b s o r p t io n  
s p e c t r a  w i th  th e  s p e c tro p h o to m e te rs  which were a v a i l a b l e .  The s p e c i f i c  
a c t i v i t y  of th e  marker enzyme showed t h a t  cam p ar tm en ta t io n  of th e  m ito c h o n d r ia  
and h ig h  en r ichm ent a c t i v i t i e s  were ach iev ed  d e s p i t e  t h e  h ig h  p r o t e i n  c o n te n t  
o f  th e  f r a c t i o n  (app rox .  10% of t o t a l ) .  A lso ,  th e  R . C . I .  was i n d i c a t i v e  o f  
an a c t i v e l y  r e s p i r i n g  i n t a c t  p r e p a r a t i o n .  E l e c t r o n  m icrog raphs  o f  th e  s u s ­
p e n s io n s  showed v e ry  l i t t l e  ex tra n e o u s  m a t e r i a l  p r e s e n t .  Dow (1967) and 
B u llo c k  e t  a l ,  (1970) b o th  s u c c e s s f u l l y  u sed  r a t  s k e l e t a l  muscle f o r  t h e i r  
i s o l a t i o n  p ro c e d u re s  and t h i s  may e x p la in  th e  d i f f e r e n c e  when th e s e  methods 
were u sed  w i th  p o rc in e  s k e l e t a l  m usc le .
However, h ig h  c o n c e n t ra t io n s  o f  p r o t e i n  and cytochrom es i n  th e  
m i to c h o n d r ia l  f r a c t i o n  were n o t  th e  p r im ary  aims in  th e s e  two i n v e s t i g a t i o n s .  
The p r i n c i p a l  r e q u ire m e n t  was f o r  m i to c h o n d r ia  which had h ig h  r e s p i r a t i o n  
r a t e s ,  showed h ig h  R .C .I .  v a lu e s  and e x h i b i t e d  e f f i c i e n t  c o u p l in g .  U sing 
Nagarse to  d i s r u p t  th e  t i s s u e ,  B u llo c k  e t  a l ,  (1970) r e p o r t e d  th e  y i e l d  o f  
m i to c h o n d r ia  as  0.91 + 0 .02  mg m i to c h o n d r ia l  p r o t e i n / g  muscle w hich c o n t r a s t s  
w i th  th e  8 mg m i to c h o n d r ia l  p r o t e i n / g  muscle found i n  th e  p r e s e n t  i n v e s t i g a t i o n
In  summary, th e  - n a tu r e  of th e  t i s s u e  and th e  e x p e r im e n ta l  
r e q u ire m e n ts  d i c t a t e d  th e  method of e x t r a c t i o n  o f  th e  m i to c h o n d r ia .
I t  i s  s i g n i f i c a n t  t h a t  th e  h ig h  c o n c e n t r a t i o n  o f  Tris-HC1 b u f f e r  (pH 7 .4 )  
used  i n  th e  i s o l a t i o n  medium (100 mM) was found  n e c e s s a ry  to  p re v e n t  an 
e x c e ss iv e  f a l l  i n  pH of th e  meat s l u r r y  d u r in g  th e  hom og en isa tio n  p ro ­
c e d u re .  Vhen 50 mM Tris-HC1 b u f f e r  s o lu t i o n  was u se d ,  a d rop  i n  pH 
from 7 .4  to  6 .5  was observed  b u t  t h i s  was red u ced  to  a d rop  o f  o n ly  
0 .2  -  0 .4  pH u n i t s  when th e  c o n c e n t r a t i o n  o f  Tris-HC1 b u f f e r  was d o u b led .
The d rop  i n  pH i s  u n l i k e l y  to  be due to  g l y c o l y s i s  i n  t h e  t i s s u e  as  t h e  
l a t t e r  i s  r a p i d l y  coo led  a f t e r  s l a u g h t e r  and i s  u sed  w i t h i n  2 .5  h o u r s .
I t  i s  more l j k e l y  to  be due to  th e  post-m ortem  pH ( c a .  6 .0 )  and c o n s id e r a b le  
b u f f e r i n g  c a p a c i ty  of th e  m eat.
C h a p te r  4* The E f f e c t  o f  N i t r i t e  on th e  I n t a c t  M i t o c h o n d r i a l  
P r e p a r a t i o n  from  P i g  S k e l e t a l  M uscle
CHAPTER 4
THE EFFECT OF N ITR IT E ON THE INTACT MITOCHONDRIAL PREPARATION FROM
PIG- SKELETAL MUSCLE
4 .1 .  I n t r o d u c t i o n
I t  has  been d em o n s tra ted  t h a t  n i t r i c  ox ide  can i n t e r a c t  w i th  
i s o l a t e d  m i to c h o n d r ia l  cy tochrom es , namely cytochrome o x id a se  (Sekuzu 
e t  a l .  19.59) and cytochrome c ( K e i l i n  and H a r t r e e ,  1937a;E hrenburg  
and Szczejjkowski, 1960).  These o b s e rv a t io n s  have been  ex ten d ed ,  showing 
t h a t  n i t r i t e  i t s e l f ,  on r e d u c t io n ,  can be in v o lv e d  i n  th e  fo rm a t io n  of 
th e s e  n i t r o s y l - c y to c h r o m e  com plexes. (C o lpa -B oonstra  and M in n a e r t ,  1959;
""W alters and T a y lo r ,  1965).
In  r e l a t i o n  to  th e  p ro c e s s  o f  c u r in g ,  W a l te r s ,  C asse ld en  and 
T a y lo r  (1967) have im p l ic a te d  s k e l e t a l  muscle m i to c h o n d r ia  i n  th e  
fo rm a t io n  of n i t r o s y lm y o g lo b in ,  th e  pigm ent r e s p o n s ib le  f o r  th e  c h a r a c t e r i s t i c  
c o lo u r  of cu red  meat p ro d u c ts .  W a l te rs  e t  a l . ( l 9 6 7 )  p roposed  t h a t ,  as  
p a r t  o f  t h i s  p r o c e s s ,  n i t r i t e  a c te d  as  a t e rm in a l  e l e c t r o n  a c c e p to r  
to  th e  muscle m i to c h o n d r ia l  r e s p i r a t o r y  c h a in  d u r in g  which i t  was 
i t s e l f  reduced  to  th e  n i t r o s y l  group i n  com bina tion  w i th  f e r r ic y to c h ro m e  
c (see  C hap ter  1 ) .  A lthough  th e  fo rm a t io n  o f  n i t r o s y l f e r r i c y t o c h r o m e  c 
has  been  w ell-docum ented  i n  i s o l a t e d  enzyme system s i t s  f o rm a t io n  in  
an  i n t a c t  m i to c h o n d r ia l  p r e p a r a t i o n  has  y e t  to  b e ' .u n e q u iv o c a l ly  d em o n s t ra te d .  *
C le a r ly ,  t h e r e f o r e ,  th e  p r e l im in a r y  s t u d i e s  u s in g  th e  m i to c h o n d r ia l  
f r a c t i o n  from s k e l e t a l  m uscle shou ld  examine th e  fo rm a t io n  c f  n i t r o s y l  
complexes ( i f  any) from n i t r i t e  and th e  r e s p i r a t o r y  cytochrom es and th e  
e f f e c t  th e re o n  o f  n i t r i t e  c o n c e n t r a t i o n .  In  p a r t i c u l a r  th e  fo rm a t io n  
o f  n i t r o s y l f e r r i c y t o c h r o m e  c from n i t r i t e  and reduced  ( f e r r o )  cytochrome 
c sho u ld  be c l o s e l y  i n v e s t i g a t e d .
To f a c i l i t a t e  t h e  d e t e c t i o n  and o b s e rv a t io n  o f  th e  cytochrom es 
and cytochrome complexes p r e s e n t  i n  th e  m i to c h o n d r ia l  su sp e n s io n ,  t h e i r  
a b s o r p t io n  s p e c t r a  were enhanced and sharpened  th ro u g h  th e  u se  o f  low 
te m p e ra tu re s  w ith  l i q u i d  n i t r o g e n  as  c o o la n t  (-190°C ).
■V
The e f f e c t  o f  low te m p e ra tu re s  on th e  a b s o r p t io n  s p e c t r a  of 
b i o l o g i c a l  m a t e r i a l  was f i r s t  ob se rv ed  by H a r t r id g e  (1920) who found 
t h a t  th e  bands o f  oxy- and carboxy-haem oglob in  s h i f t e d  tow ard  lo n g e r  
w ave leng ths  on warming from 8°C to  40°C. K e i l i n  and H a r t r e e  (1949) 
r e p o r t e d  t h a t  a b s o r p t io n  bands o f  hem opro te in s  such as  hem oglobin  and 
c a t a l a s e  were i n t e n s i f i e d  and sh arpened  when th e  te m p e ra tu re  was 
low ered  to  t h a t  o f  l i q u i d  a i r .  They a l s o  observed  a s h i f t  to  a s h o r t e r  
a b s o r p t io n  w av e le n g th  on c o o l in g  w hich c o r r e l a t e d  w i th  th e  o b s e r v a t io n s  
o f  H a r t r id g e .  The im p l ic a t io n s  o f  low te m p e ra tu re  s p e c t ro s c o p y  a r e  more 
f u l l y  d i s c u s s e d  in  s e c t i o n  4 .4 .
In c u b a t io n  o f  m i to c h o n d r ia l  su sp e n s io n s
M ito c h o n d r ia l  s u sp e n s io n s  were p re p a re d  as  d e s c r ib e d  i n  C hap ter  
3 and in c u b a te d  a t  pH 6 and 37°C f o r  18 h i n  th e  p h o s p h o ry la t in g  medium 
o f  A ld r id g e  and P a rk e r  (1960) .  Bovine serum album in (1 mg/ml) was in c lu d e d  
in  th e  medium to  p r o t e c t  the  p h o s p h o ry la t in g  enzymes of th e  m ito c h o n d r ia  
as  has  been p r e v io u s l y  e x p la in e d  i n  C hap ter  3 .3 .
To mimic c o n d i t io n s  r e l e v a n t  to  th e  c u r in g  p ro c e s s  (see  C hap te r
2 . 2 . )  in c u b a t io n s  were c a r r i e d  o u t  un d er  a n a e ro b ic  (a rgon  a tm osphere)  
c o n d i t io n s  i n  Thunberg ty p e  sp e c tro p h o to m e te r  c e l l s  o f  1 cm p a th  l e n g th .
A sm all  amount o f  exogenous s u b s t r a t e  was added ( u s u a l l y , s u c c i n a t e  a t  0.1 mM) 
to  ensu re  t h a t  th e  r e s p i r a t o r y  ch a in  was i n  th e  f u l l y  red u ced  c o n d i t io n .  
N i t r i t e  and o th e r  s u b s ta n c e s  were added from th e  s id e -a rm  o f  th e  Thunberg 
c e l l ,  so t h a t  a n a e ro b ic  c o n d i t io n s  were m a in ta in e d .
S p e c tro p b o to m e tr ic  c b s e r v a t io n  o f  r e s p i r a t o r y  cytochrom es
T h is  was c a r r i e d  o u t  as  d e s c r ib e d  in  C hap te r  3 .2 .  D if f e r e n c e  
s p e c t r a  were r e c o rd e d ;  th e  sample whose spectrum  was a c t u a l l y  b e in g  scanned 
was r e f e r r e d  to  a s  th e  " t e s t "  o r  " e x p e r im e n ta l"  sample and th e  sample 
a g a i n s t  which t h i s  spec trum  was r e c o rd e d  was th e  " r e f e r e n c e " .
Use o f  n i t r i c  ox ide  gas
N i t r i c  ox ide  gas was u sed  a f t e r  p r i o r  s to r a g e  o f  th e  gas over 
w a te r  to  ab so rb  any t r a c e s  o f  n i t r o g e n  d io x id e  which may have been  p r e s e n t  
i n  th e  commercial p ro d u c t  as  a c o n tam in a n t .  The n i t r i c  ox ide  w a s : in t ro d u c e d  
i n t o  th e  Thunberg sp e c tro p h o to m e te r  c e l l  a f t e r  e v a c u a t io n  and f req u en t  
f l u s h i n g  w i th  a rgon  to  ensu re  com plete  removal o f  oxygen.
Measurement o f  Low Tem perature  S p e c t ra
The im portance  o f  low te m p e ra tu re  work i n  th e  a .c c e n tu a t io n  and 
sh a rp e n in g  o f  t h e  a b s o r p t io n  peaks o f  th e  cytochrom es h as  a l r e a d y  been  
m entioned  in  th e  i n t r o d u c t i o n  to  t h i s  c h a p te r .
Two low te m p e ra tu re  c e l l s  were s p e c i a l l y  d es ig n ed  and c o n s t r u c te d  
f o r  t h i s  purpose  and th e y  a r e  p i c t u r e d  i n  p l a t e  2. L iq u id  n i t r o g e n  was 
poured  in t o  th e  r e s e r v o i r s  on. either side of th e  l i g h t  p a th  and when th e  
b lo c k  had been f u l l y  coo led  th e  m i to c h o n d r ia l  su sp e n s io n  was p i p e t t e d  in to  
a 5 mm gap between th e  two sm all  g l a s s  m icroscope s l i d e s ,  s l o t t e d  in to  
th e  b lo c k .  In  t h i s  way a 5 mm g la s s  " c e l l "  was formed c o n ta in in g  
m i to c h o n d r ia l  su sp e n s io n  co m p le te ly  s o l i d i f i e d  by th e  low te m p e ra tu r e .
E x p e r im e n ta l ly  i t  was found im p o ss ib le  to  make th e  c e l l  le a k p ro o f  
as  r e g a rd s  th e  su sp e n s io n  b u t  t h i s  d id  n o t  p r e s e n t  any d i f f i c u l t i e s  because  
th e  m i to c h o n d r ia  were f ro z e n  i n s t a n t l y  and h e ld  w i th in  t h e  c e l l .
The two c e l l s  were so d e s ig n e d  t h a t  th e y  f i t t e d  e x a c t ly  i n t o  th e  
c e l l  compartment o f  th e  SP 800 s p e c tro p h o to m e te r  which i s  f o r t u n a t e l y  
s p a c io u s ,  and p e r m i t t e d  each b lo c k  to  c o n ta in  s u f f i c i e n t  q u a n t i t y  o f  
l i q u i d  n i t r o g e n  to  s a t i s f a c t o r i l y  m a in ta in  th e  m i to c h o n d r ia  a t  th e  low 
te m p e ra tu re  w h ile  s e v e r a l  scans  o f  t h e i r  s p e c t r a  were c a r r i e d  o u t .  To 
a v o id  se v e re  c o n d e n s a t io n  and f r o s t i n g  on th e  o p t i c s  o f  th e  in s t r u m e n t ,  
d ry  compressed a i r  from a c y l in d e r  was c o n t in u o u s ly  blown th ro u g h  th e  
c e l l  compartment w h i l s t  t h e  low te m p e ra tu re  b lo c k s  were i n  p o s i t i o n .
The te m p e ra tu re  of t h e  su sp e n s io n  was e s t im a te d  u s in g  a 
ch rom el-a lum el therm ocouple  w i th  th e  te m p e ra tu re  of th e  r e f e r e n c e  j u n c t io n  
m a in ta in e d  a t  0°C in  i c e - w a te r .  The p o t e n t i a l  d i f f e r e n c e  betw een th e  two 
t e rm in a l s  was measured u s in g  a m i l l i v o l t m e t e r  and th e  v a lu e  c o n v e r te d  to  
a te m p e ra tu re  d i f f e r e n c e  u s in g  a c a l i b r a t i o n  g rap h .  (Handbook o f  
C hem istry  and P h y s ic s ,  1965).
A n a ly s is  f o r  r e s i d u a l  n i t r i t e
At th e  end of  th e  in c u b a t io n  p e r io d  th e  m i to c h o n d r ia l  s u sp e n s io n s  
were sed im ented  u s in g  a h ig h e r  c e n t r i f u g a t i o n  speed  th a n  normal (40,000-x g 
30 min) to  produce a w e ll -p a c k e d  p e l l e t  from which th e  s u p e r n a ta n t  co u ld  
be e a s i l y  d e c a n te d .  A f te r  d e c a n t in g ,  th e  s u p e r n a ta n t  was d i l u t e d  500 f o l d
i n  C hap te r  2 .2 .  u s in g  as  a b la n k  a m i to c h o n d r ia l  s u sp e n s io n  s i m i l a r l y  
t r e a t e d  b u t  n o t  c o n ta in in g  n i t r i t e .  The average  r e c o v e ry  o f  n i t r i t e  
was b e t t e r  th a n  98$> from m i to c h o n d r ia l  su sp e n s io n s  w ith  p r o t e i n  c o n te n ts  
r a n g in g  from 4 to  8 mg/ml.
PLATE 1,0V TEMPERATURE SPECTROPHOTOMETER CELLS
Liquid nitrogen was poured into The reservoirs either side of the 
light path. Vh/ni the cell holders had cooled, mitochondrial suspension 
was pipetted into the gap between the glass slides and so f o r m e a  5 mm 
"solid cell".
The holders were heavily insulated with cork :o reduce (a) the 
temperature rise of the suspension during the scanning of the absorption 
spectrum and (b) the condensation on the glass and metal surfaces of 
the SP800 cell compartment.
4 . 3 .  R e s u l t s
I n t e r a c t i o n  o f  n i t r i t e  a t  c u r in g  c o n c e n t r a t i o n  (3 mM) w i th  s k e l e t a l  
muscle m ito c h o n d r ia
When a s k e l e t a l  muscle m i to c h o n d r ia l  su sp e n s io n  was in c u b a te d  
w i th  sodium s u c c in a te  (0.1 mM) in  an a n a e ro b ic  environm ent th e  a b s o r p t io n  
spec trum  of th e  su sp e n s io n  (u s in g  an a e ro b ic  o x id i s e d  sample a s  r e f e r e n c e )  
showed a l l  t h e  cytochromes to  be i n  th e  reduced  c o n d i t io n .  (F ig .  4 . 1 . )
The a d d i t i o n  o f  n i t r i t e  (3 mM) to  t h i s  reduced  s u sp e n s io n  
produced a change i n  th e  S o re t  (Y) peaks o f  th e  cytochrom es b u t  v e ry
l i t t l e  change i n  th e  a  peaks (F ig .  4 . 1 . ) .  The in c r e a s e  i n  e x t i n c t i o n
i n  th e  428 -  430 nm re g io n  was accompanied by a  d e c re a s e  i n  th e  maximum
a t  445 nm. The on ly  a l t e r a t i o n  observed  jn  th e  " v i s i b l e "  r e g io n  o f  th e
spectrum was a sm all  s h i f t  i n  th e  a -p e a k  o f  cytochrom es a  + a^ (605 nm) 
to  a s h o r t e r  w ave leng th  (600 nm).
These changes a l s o  o c c u rre d  in  th e  p re se n c e  o f  n i t r i c  o x ide  gas 
which r e p la c e d  n i t r i t e  and th e  a rgon  a tm osphere  in  th e  Thunberg c u v e t t e  
and were c o n s i s t e n t  w i th  th e  f i n d i n g s  o f  o th e r  w orkers  (C o lp a -B o o n s tra  
and M in n ae r t ,  1959; Sekuzu e t  a l .  1959) i n  b e in g  th e  r e s u l t  o f  
n i t r o s y l f e r r o c y to c h r o m e  a^ fo rm a t io n .  This  complex has  a b s o r p t i o n  maxima 
a t  595 and 430 nm and i t s  fo rm a t io n  accoun ts  f o r  th e  changes o b se rved  
in  th e  spec trum . The sm all  s h i f t  i n  th e  ct_peak was th e  r e s u l t  o f  th e  
com posite  peak  formed by th e  maxima o f  red u ced  cytochrome a (uncomplexed) 
a t  605 nm and n i t r o s y l f e r r o c y to c h r o m e  a^ a t  595 nm. The r e s i d u a l  S o re t  
peak  a t  445 nm was presum ably  due to fe r ro c y to c h ro m e  a .  The n i t r o s y l -  
fe rro cy to ch ro m e  a^ peaks were r e v e a le d  more c l e a r l y  i n  th e  red u ce d  
d i f f e r e n c e  spectrum ; t h a t  i s ,  r e a d in g  th e  reduced  + n i t r i t e  sample w i th  
r e f e r e n c e  to  a f u l l y  reduced  sample w i th o u t  added n i t r i t e .  (F ig .  4 . 2 . )
The maxima a t  428 and 595 nm were due t o  n i t r o s y l f e r r o c y to c h r o m e  a 0 
i n  th e  e x p e r im e n ta l  sample. C o n v erse ly ,  th e  minimum a t  443-5 nm i s  th e  
r e s u l t :  o f  l a r g e r  q u a n t i t i e s  o f  uncomplexed fe r ro cy to ch ro m e  a^ i n  th e  
r e f e r e n c e  sample which ab so rb s  m axim ally  a t  445 nm as does f e r ro c y to c h ro m e
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The a b s o r p t io n  r e s u l t i n g  from fe rro cy to ch ro m e  a shou ld  be e q u iv a le n t  i n  
b o th  s u sp e n s io n s  a s  t h i s  component i s  n o t  known to  form a complex w ith  
n i t r i t e  and t h e r e f o r e  would have no d i f f e r e n c e  spectrum  w i th  th e  n i t r i t e  
t r e a t e d  sample.
0r> a d m iss io n  of a i r  to  th e  reduced  o r  reduced  + n i t r i t e  s u s p e n s io n s ,  
o x id a t io n  o f  a l l  cytochrom es im m ed ia te ly  o cc u rre d  g iv in g  no d i f f e r e n c e  
spectrum  w i th  r e s p e c t  to  an a e ro b ic  o x id i s e d  r e f e r e n c e .
Use o f  antim .ycin A to  f a c i l i t a t e  fo rm a t io n  and o b s e rv a t io n  o f  n i t r o s y l "  
fe rr ic .y toch rom e  c
No ev idence  o f  n i t r o s y l f e r r i c y t o c h r o m e  c fo rm a t io n  was o b ta in e d  
u s in g  n i t r i t e  a t  3 mM c o n c e n t r a t i o n  i n  reduced  m i to c h o n d r ia l  s u sp e n s io n s  
a s  d e s c r ib e d  p r e v io u s ly  d e s p i t e  long  in c u b a t io n  p e r io d s  o f  18 h .  To f a c i l i t a t e  
o x id a t io n  o f  th e  s u sp e n s io n  by n i t r i t e  e,ncl} h o p e f u l ly ,  th e  fo rm a t io n  o f  
n i t r o s y l f e r r i c y t o c h r o a e  c ,  th e  r e s p i r a t o r y  c h a in  b lo c k in g  a g e n t  a n t im y c in  A 
was added to  th e  su sp e n s io n .  A ntim ycin  A b lo c k s  cytochrome b -cy toehrom e c 
i n t e r a c t i o n s ,  (T h o rn ,1956) and cou ld  e f f e c t i v e l y  p re v e n t  r e - r e d u c t i o n  o f  
th e  s u sp e n s io n ,  and hence r e v e r s a l  o f  th e  o x id a t io n  n i t r i t e ,  from 
o c c u r r in g .
The d i f f e r e n c e  spectrum  o f  n i t r o s y l f e r r i c y t o c h r o m e  c (u s in g  an
o x id i s e d  sample a s  r e f e r e n c e )  has  maxima a t  563, 530 and 417 nm. The
S o re t  band (417 nm) i s  v i r t u a l l y  i d e n t i c a l  to  t h a t  f o r  uncomplexed
fe rro cy to ch ro m e  c (416 nm). Thus, u n eq u iv o ca l  d e t e c t i o n  o f  n i t r o s y l -
f e r r ic y to c h ro m e  c i n  a reduced  s u sp e n s io n  n e c e s s i t a t e d  th e  o b s e r v a t io n
o f  " v i s i b l e "  r e g io n  peaks which cou ld  d i f f e r e n t i a t e  i t  from red u ce d
cytochrome c (E = 5 5 0  nm). Reduced cytochrome b ab so rb s  a t  562 nm and max
i f  t h i s  peak  cou ld  be "removed" from th e  spec trum  i t  would g r e a t l y  s im p l i f y  
th e  o b s e r v a t io n  o f  th e  a -p e a k  o f  th e  n i t r o s y l a t e d  reduced  cytochrom e c 
complex. This  s o - c a l l e d  "rem oval" o f  th e  cytochrome b peak  co u ld  be 
accom plished  a l s o  by th e  use  o f  a n t im y c in  A. The d i f f e r e n c e  sp ec tru m  o f  th e  
n i t r i t e  + reduced  sample u sed ,  an a e r o b ic  s u sp e n s io n  c o n ta in in g  a n t im y c in  A 
(10 jig /m l) and exogenous s u c c in a te  (0 .05  mM) as  a r e f e r e n c e  sam ple . I n
th e  a e ro b ic  r e f e r e n c e  sample th e  r e s p i r a t o r y  c h a in  components on th e  
s u b s t r a t e  s id e  o f  th e  b lo c k  became more reduced  and th o se  on th e  oxygen 
s id e  more o x id i s e d .  Such a s u s p e n s i o n •c o n ta in e d  cytochrome b m a in ly  in  
th e  reduced  s t a t e  and cytochrom es c + c^ and a + a^ m a in ly  i n  th e  o x id i s e d  
forms and t h e r e f o r e  showed no d i f f e r e n c e  spec trum  due to  cytochrome b 
w i th  r e s p e c t  to  a f u l l y  red u ced  t e s t  sample (F ig .  4 . 3 ) .  The d i f f e r e n c e  
spectrum  of th e  a e ro b ic  + an t im y c in  A s u sp e n s io n  w i th  r e f e r e n c e  to  an 
u n t r e a t e d  a e ro b ic  sample r e v e a le d  o n ly  th e  a b s o r p t io n  peaks due to  
reduced  cytochrome b (F ig .  4 . 4 ) .
In  t h i s  way a n t im y c in  A cou ld  s e rv e  a d u a l  r o l e  i n  a r r e s t i n g  
r e - r e d u c t i o n  of n i t r o s y l f e r r i c y t o c h r o m e  c formed i n  th e  a n a e ro b ic  s u sp e n s io n  
and to  remove ’’i n t e r f e r e n c e "  caused  by th e  a - p e a k  of red u ced  cytochrome b .
U n f o r tu n a te ly ,  th e  i n h i b i t i o n  e x e r c i s e d  by a n t im y c in  A d id  n o t  
appea r  to  be s t a b l e ,  a t  l e a s t  over th e  long  in c u b a t io n  p e r io d s  u sed  i n  t h i s  
s tu d y .  C onsequen tly ,  cytochrome b i n  th e  a e ro b ic  + a n t im y c in  A r e f e r e n c e  
sample became in c r e a s i n g l y  o x id i s e d  as  th e  i n h i b i t o r y  e f f e c t  o f  a n t im y c in  
A waned. T h is  r e s u l t e d  i n  th e  appearance  of a peak  i n  th e  d i f f e r e n c e  
spectrum  of th e  e x p e r im e n ta l  ( reduced )  sample a t  563 nm due to  th e  p a r t i a l  
o x id a t io n  o f  cytochrome b i n  th e  r e f e r e n c e  (F ig .  4 . 3 ) .  The g ra d u a l  
appea rance  of t h i s  peak  was p a r t i c u l a r l y  m is le a d in g  a s  i t  co u ld  e a s i l y  
be m is tak en  f o r  th e  g ra d u a l  fo rm a t io n  of n i t r o s y l f e r r i c y t o c h r o m e  c i n  
th e  a n a e ro b ic  t e s t  s u s p e n s io n .  However t h i s  f a l s e  assu m p tio n  was av o id ed  
by th e  appearance  o f  th e  S o re t  peak  due to  red u ced  cytochrome b a t  
42S-430 nm (F ig .  4 . 3 ) ,  which was c l e a r l y  i n  acc o rd  n o t  w i th  n i t r o ­
s y l f  e r r ic y to c h ro m e  c fo rm a t io n  b u t  w i th  th e  e f f e c t s  d e s c r ib e d  p r e ­
v i o u s l y .  T h is  anomalous b eh av io u r  of antimj^cin A i s  d i s c u s s e d  i n  
g r e a t e r  d e t a i l  i n  th e  D is c u s s io n  (S e c t io n  4 . 4 ) .  I t  rem ains  a s t r i k i n g  
i l l u s t r a t i o n  of th e  way i n  which th e  s p e c t r a l  d a t a  cou ld  p ro v id e  h ig h l y  
e q u iv o c a l  ev idence  r e g a rd in g  changes i n  th e  m i to c h o n d r ia l  r e s p ir a /b o ry  
c h a in  and why c a r e f u l  i n t e r p r e t a t i o n  o f  th e  s p e c t r a  i s  e s s e n t i a l .
I f  th e  f a i l u r e  o f  th e  an tim ycin  A b lo c k  on th e  r e s p i r a t o r y  c h a in  cau sed
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com plete  o x id a t io n  in  th e  a e ro b ic  su sp e n s io n ,  th e n  th e  c o r re s p o n d in g  
e f f e c t  i n  th e  reduced  ( a n a e ro b ic )  sample c o n ta in in g  n i t r i t e  would be 
t o t a l  r e d u c t io n  o f  th e  s u sp e n s io n  in c lu d in g  any n i t r o s y l f e r r i c y t o c h r o m e  c 
complex t h a t  might have been formed. I t  was, t h e r e f o r e ,  easy  to  e x p la in  
th e  absence  o f  o x id a t io n  o r  n i t r o s y l f e r r i c y t o c h r o m e  c fo rm a t io n  in  
a n a e ro b ic  in c u b a t io n s  c o n ta in in g  3 mM sodium n i t r i t e  in  th e  p re se n c e  o f  
a n t im y c in  A.
Use o f  exogenous cytochrome c
The p r i n c i p a l  d is a d v a n ta g e  o f  th e  Tiris-KCl p r e p a r a t i v e  medium 
was t h a t  i t  te n d ed  to  l e a c h  o u t  h y d r o p h i l i c  e lem ents  o f  th e  s u sp e n s io n  -  
n o ta b ly  cytochrome c .  This  cytochrome i s  e a s i l y  e x t r a c t a b l e  i n  s o lu b le  
form from m i to c h o n d r ia  by n e u t r a l  s a l t  s o lu t i o n s  and d i f f e r s  from o th e r  
m i to c h o n d r ia l  cytochrom es i n  t h i s  r e s p e c t .  Cytochrome c ^ , i n  c o n t r a s t ,  
i s  s o l u b i l i s e d  only  by t r e a tm e n t  w i th  d eo x y ch o la te  and o th e r  d e t e r g e n t s .
The c o n c e n t r a t i o n  o f  cytochrome c i n  th e  s u s p e n s io n  was 
a r t i f i c i a l l y  r a i s e d  by th e  a d d i t i o n  o f  1 -  3 (1M exogenous cytochrome c .  
T h is ,  i t  was hoped, would improve th e  o b s e r v a t io n  o f  any s p e c t r a l  changes 
due to  th e  fo rm a t io n  o f  n i t r o s y l f e r r i c y t o c h r o m e  c .  The d i f f e r e n c e  s p e c t r a  
o f  su sp e n s io n s  c o n ta in in g  exogenous c a c c o rd in g ly  gave l a r g e r  e x t i n c t i o n  
maxima i n  th e  550 nm and 416 nm re g io n s  and th e s e  peaks were f u r t h e r  
em phasised  when an a e ro b ic  + an t im y c in  A sample was used  as  r e f e r e n c e  
(F ig .  4 . 5 . ) .
I n c lu s i o n  o f  a d d i t i o n a l  cytochrome c d id  n o t  seem to  encourage 
th e  fo rm a t io n  of  n i t r o s y l f e r r i c y t o c h r o m e  c i n  th e  p re s e n c e  o f  3 mM 
sodium n i t r i t e .  Some ev idence  o f  fo rm a t io n  o f  th e  complex was o b ta in e d  
u s in g  n i t r i c  ox ide  gas (F ig .  4 . 6 . ) ,  b u t  i n  t h i s  case  fo rm a t io n  o c c u r re d  
o n ly  i n  an a n a e ro b ic  sample t o  which a n t im y c in  A b u t  no exogenous s u b s t r a t e  
had been added . In  a l l  p r o b a b i l i t y  t h e r e f o r e ,  th e  n i t r i c  o x id e  s im ply  
combined w i th  o x id i s e d  cytochrome e p r e s e n t  i n  th e  sample t o  form th e  
n i t r o s y l  complex by an e s s e n t i a l l y  non--enzymic l 'e a c t io n .
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When n i t r i t e  was added to  an  a e ro b ic  su sp e n s io n  th e  d i f f e r e n c e  
spectrum  o b ta in e d  u s in g  an u n t r e a t e d  a e ro b ic  su sp e n s io n  as  r e f e r e n c e  
r e v e a le d  an e x t i n c t i o n  minimum a t  a p p ro x im a te ly  430 nm and a maximum a t  
414 nm. I t  was c o n c e iv a b le  t h a t  t h i s  was th e  r e s u l t  o f  n i t r o s y l f  e r r ' ic y lo c h ro m e ' 
c fo rm a t io n  from th e  n i t r o s y l  m oie ty  and o x id i s e d  cytochrome c ,  b u t  
s u p p o r t in g  ev idence  i n  th e  form of " v i s i b l e "  r e g io n  peaks a t  563 and 
530 nm was n o t  fo r th co m in g .
The use  o f  low te m p e ra tu re s  (-160°C) f a i l e d  to  r e v e a l  th e  
a  and (3 peaks o f  th e  n i t r o s y l  complex. The spec trum  observed  i n  th e  
S o re t  r e g io n  was, t h e r e f o r e ,  p ro b a b ly  th e  r e s u l t  o f  a r t e f a c t  fo rm a t io n  -  
p e rh ap s  by myoglobin which may have been  a con tam inan t o f  th e  m i to c h o n d r ia l  
s u sp e n s io n .
V a r i a t i o n  o f  n i t r i t e  c o n c e n t r a t i o n
In c r e a s in g  th e  c o n c e n t r a t i o n  o f  added n i t r i t e  t e n - f o l d  to  
30 mM caused  com plete o x id a t io n  o f  th e  anaerobic m i to c h o n d r ia l  s u sp e n s io n  
a f t e r  o v e rn ig h t  in c u b a t io n  (18 h ) . The d i f f e r e n c e  spec trum  of t h e  r e s u l t a n t  
su sp e n s io n  was v i r t u a l l y  a zero  la n e  w i th  r e f e r e n c e  to  an a e ro b ic  sample 
in c u b a te d  over  th e  same p e r io d .  T h is  o x id a t io n  o c c u rre d  i n  th e  p re se n c e  
o r  absence  of an t im y c in  A.
D e s p i te  t h i s  o x id i s i n g  a c t i o n ,  h i t r p s y  If e r r ic y to c h ro m e  c 
co u ld  n o t  be d e t e c t e d  i n  any of  th e  e x p e r im e n ta l  sam ples .
Low c o n c e n t r a t i o n s  o f  n i t r i t e  (0 .03  and 0 .3  mM) d id  n o t  cause  
o x id a t io n  o f  th e  s u sp e n s io n  a f t e r  th e  lo n g  in c u b a t io n  p e r io d  and i n  t h i s  
r e s p e c t  p roduced  s i m i l a r  r e s u l t s  t o  th o s e  o b ta in e d  u s in g  th e  c u r in g  
c o n c e n t r a t i o n  o f  n i t r i t e  (3 mM).
N i t r i t e  u t i l i s e d  in  m i to c h o n d r ia l  su sp e n s io n s
S u r p r i s i n g l y ,  v e ry  l i t t l e  n i t r i t e  u t i l i s a t i o n  o c c u r re d  i n  t h e  
m i to c h o n d r ia l  su sp e n s io n s  to  which 3 mM sodium n i t r i t e  had been  added, 
even a f t e r  o v e rn ig h t  in c u b a t io n .  The e x t e n t  o f  n i t r i t e  breakdown was o f  
th e  o rd ^ r  o f  2 -  5$. T h is  was somewhat unexpec ted  s in c e  3 mM n i t r i t e  
f a i l e d  to  o x id i s e  th e  su sp e n s io n  even a f t e r  18 h in c u b a t io n .  N a t u r a l l y
samples c o n ta in in g  30 mM n i t r i t e  showed no m easurab le  l o s s  of n i t r i t e .
However, t o t a l  n i t r i t e  u t i l i s a t i o n  o ccu rred  a f t e r  18 h 
in c u b a t io n  in  su sp e n s io n s  to  which 0 .03  and 0 .3  mM sodium n i t r i t e  had 
been added.
The amount o f  n i t r i t e  breakdown a f t e r  1 h t  m i to c h o n d r ia l  
su sp e n s io n s  and a f t e r  18 h i n  c o n t r o l  ( b u f f e r  on ly) sam; ..es was n e g l i g i b l e  
f o r  a l l  c o n c e n t r a t i o n s  o f  added n i t r i t e .
Low Tem perature  S p e c t ra
Some i n t e r e s t i n g  r e s u l t s  were o b ta in e d  u s in g  l i q u i d  n i t r o g e n  
te m p e ra tu re s  to  observe  th e  d i f f e r e n c e  s p e c t r a  of m i to c h o n d r ia l  su sp e n s io n s  
reduced  w i th  sodium d i t h i o n i t e .  An a e ro b ic  o x id i s e d  su sp e n s io n  was u sed  a s  
r e f e r e n c e .
The o -bands of cytochromes b ,  c + c  ^ and a + a^ were sh a rp en ed  
and i n t e n s i f i e d  by th e  u se  of low te m p e r a tu r e s .  A s h i f t  of a l l  a b s o r p t i o n  
bands to;.,shorter.: w aveleng ths  (compared to  s p e c t r a  a t  room te m p e ra tu re )  
was n o te d ,  i n  accordance  w ith  th e  o b s e rv a t io n s  o f  K e i l i n  and H a r t r e e  
(1949 ) .  This  w aveleng th  s h i f t  was of th e  o rd e r  o f  2 -  4 run (F ig .  4 . 7 ) .
The appearance  of a sm a l l  a b s o r p t io n  peak  a t  a p p ro x im a te ly  
551 nm was th o u g h t  to  be due to  cytochrome c ^ . T h is  was a good example 
of th e  way in  which low te m p e ra tu re s  n o t  o n ly  sh a rp en  and i n t e n s i f y  t h e  
a b s o rp t io n  bands b u t  can a l s o  s p l i t  and d i f f e r e n t i a t e  th e  peaks  i n  c e r t a i n  
i n s t a n c e s .
The enhancement of th e  a b s o r p t io n  s p e c t r a  was improved s l i g h t l y  
by a l lo w in g  th e  f r o z e n  su sp e n s io n s  to  warm up ( to  a p p ro x im a te ly  -30°C) 
a f t e r  th e  i n i t i a l  c o o l in g  and th e n  r e f r e e z i n g .  T h is  f e a t u r e  i s  d i s c u s s e d  
more f u l l y  i n  th e  D isc u s s io n  (S e c t io n  4 . 4 ) .
The enhancement o f  th e  CL-bands of th e  cytochrom es w i th  low 
te m p e ra tu re  was f a r  g r e a t e r  th a n  t h a t  i n  th e  S o re t  r e g io n  b an d s .  The 
r a t i o  o f . t h e  S o r e t  band e x t i n c t i o n  to  t i a t  o f  th e  a - b a n d  f o r  cytochrome
a i- a^ was a p p ro x im a te ly  5 a t  room te m p e ra tu re  and t h i s  f e l l  t o  2 .3  on c o o l in g  
to  l i q u i d  n i t r o g e n  te m p e ra tu r e s .
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of t h r e e  t im e s  when compared to th e  room te m p e ra tu re  s p e c t r a .  As th e  p a t  
l e n g th  o f  th e  f ro z e n  s u s p e n s io n  (5 mm) vas  h a l f  t h a t  o f  th e  c e l l s  used  
a t  room te m p e ra tu re  (10 mm) th e  o v e r a l l  m a g n i f ic a t io n  o f  e x t i n c t i o n  v as  
ap p ro x im a te ly  s i x  f o l d .
4 . 4 .  D is c u s s io n
D e s c r ip t i o n  o f  s p e c t r a  and e f f e c t  of an t im yc in  A on th e  s u sp e n s io n
In  th e  t y p i c a l  d i f f e r e n c e  spectrum  o f  th e  f u l l y  reduced
m i to c h o n d r ia l  s u sp e n s io n  d e p i c te d  i n  F ig .  4.1 th e  ct-peaks of th e  i n d i v id u a l  
cytochromes a r e  v e i l -  s e p a r a t e d .  However, i n  th e  S o re t  r e g io n  o f  th e  spectrum , 
th e  s t r o n g  " n e g a t iv e "  a b s o r p t io n  by th e  o x id i s e d  cytochrom es ( i n  th e  r e f e r e n c e  
su spens ion )  ax’ound th e  408 nm r e g io n  c r e a t e s  a v e ry  la rg e  t ro u g h  a t  t h i s
w ave leng th ,  th e  downward sweep of  which te n d s  to  mask th e  peaks due to  th e
reduced  cytochrom es b and c .  T h is  a p p l i e s  p a r t i c u l a r l y  to  cytochrome c which 
has  th e  s h o r t e s t  a b s o r p t io n  w ave leng th  (416 nm) and th u s  t h i s  cytochrome i s  
d i f f i c u l t  to  observe  i n  th e  S o re t  r e g io n  o f  th e  sp ec tru m . T his  was th e  main 
r e a s o n  f o r  th e  use  o f  a n t im y c in  A, to  "expose" th e  a b s o r p t io n  peak  due to  
reduced  cytochrome c ,  a t  th e  same tim e c l e a r i n g  th e  a ,-p eak  due to  red u ced  
cytochrome b f o r  th e  e a s i e r  d e t e c t i o n  of n i t r o s y l f e r r i c y t o c h r o m e  c a s  has  
been e x p la in e d  e a r l i e r .
N i t r i t e  and n i t r i c  oxide combine w i th  on ly  th e  cytochrome a^ 
component o f  th e  cytochrome o x id a se  enzyme. Cytochrome a i s  c o n s id e re d  to  
be t h a t  p a r t  of the  cytochrome o x id a se  complex which i s  i n s e n s i t i v e  to  
i n h i b i t o r s  or l ig a n d s  such as  carbon  monoxide and cy an id e ,  and a l s o  n i t r i c  
o x id e .  Cytochrome a^ , however, i s  b e l i e v e d  to  be th e  p a r t  of th e  cytochrome 
o x id a se  enzyme r e a c t i v e  tow ards  oxygen and th e  t y p i c a l  r e s p i r a t o r y  i n h i b i t o r s  
p r e v io u s ly  m en tioned . I n  e f f e c t ,  cytochrome a^ i s  r e g a rd e d  as  th e  " t e r m in a l  
cytochrome" r e s p o n s ib l e  f o r  b in d in g  m o le c u la r  oxygen and u s in g  i t  a s  th e  
o x id a n t  f o r  th e  e l e c t r o n  t r a n s p o r t  p r o c e s s .  ( K e i l i n  and H a r t r e e ,  1939;
Chance and V i l l i a m s ,  1956). The d i f f e r e n c e  s p e c t r a  d e p i c te d  i n  F ig s .  4.1 
and 4 .2  c l e a r l y  show th e  two components o f  th e  cytochrome o x id a se  enzyme when 
n i t r i t e  o r  n i t r i c  ox ide  gas  r e a c t e d  w ith  th e  m i to c h o n d r ia l  s u s p e n s io n  under 
re d u c in g  c o n d i t io n s .
s e tb a c k ,  as th e  s e l e c t i v e  b lo c k in g  by t h i s  compound would have proved  
ex tre m e ly  v a lu a b le  f o r  r e a s o n s  expounded p r e v io u s ly .  R e i f  and P o t t e r  (1956) 
have su g g e s te d  t h a t  an t im y c in  A e x h i b i t s  " p s e u d o - i r r e v e r s ib l e  i n h i b i t i o n " ,  
by which th e  a u th o rs  mean t h a t  th e  i n h i b i t o r  n o rm ally  behaves  i r r e v e r s i b l y  
b u t  may a c t  r e v e r s i b l y  i f  a new component, w i th  s u f f i c i e n t  a f f i n i t y  f o r  th e  
i n h i b i t o r ,  i s  added to  th e  system . These two w orkers  showed one o f  th e  
e f f e c t i v e  c o m p e t i to r s  f o r  an t im y c in  A to  be bov ine  serum album in , b u t  
n e i t h e r  ovalbumin n o r  l a c t o g l o b u l i n  were e f f e c t i v e  a s  c o m p e t i to r s  i n  t h i s  
c o n t e x t .
This  p r o p e r ty  o f  bov ine  serum album in must be a t  l e a s t  a  p a r t i a l  
i f  n o t  th e  com plete  e x p la n a t io n  f o r  th e  f a i l u r e  o f  th e  i n h i b i t i o n  
e x e r c i s e d  by an t im y c in  A. In  t h i s  r e s p e c t  bov ine  serum a lbum in  i s  p ro b a b ly  
a c t i n g  i n  l i k e  manner to  i t s  p r o t e c t i v e  r o l e  on th e  p h o s p h o ry la t in g  enzymes 
as  descr ibed , e a r l i e r  (C hap te r  3 . 3 . ) .  C le a r ly ,  an a l t e r n a t i v e  i n h i b i t o r  f o r  
any f u t u r e  r e s p i r a t o r y  c h a in  b lo c k in g  experim en ts  sho u ld  be u sed  in  p r e f e r e n c e  
to  a n t im y c in  A even though i t  may n o t  p ro v id e  th e  s p e c i a l  s p e c t r a l  
c h a r a c t e r i s t i c s  o b ta in e d  u s in g  th e  l a t t e r .
E f f e c t  o f  n i t r i t e  on th e  m i to c h o n d r ia l  su sp e n s io n
The e f f e c t s  o f  sodium n i t r i t e  on th e  o x id a t io n  s t a t e  o f  th e  
m ito ch o n d r ia  were somewhat d i f f i c u l t  to  e x p la in  b u t  p o in te d  to  th e  c u r in g  
c o n c e n t r a t i o n  o f  n i t r i t e  a s  e x e r t i n g  a  r a t h e r  u n u su a l  e f f e c t  on th e  s u s p e n s io n .  
Prom th e  s p e c t r a l  d a t a  i t  was obvious t h a t  a h ig h  c o n c e n t r a t i o n  o f  n i t r i t e  
(30 mM) was r e q u i r e d  to  o x id i s e  th e  a n a e ro b ic  m i to c h o n d r ia l  su s p e n s io n  d u r in g  
th e  o v e rn ig h t  in c u b a t io n  p e r io d .  A lso ,  t h i s  o x id a t io n  was n o t  d ep en d en t on 
th e  p re se n c e  o f  a r e s p i r a t o r y  c h a in  i n h i b i t o r  to  s to p  r e - r e d u c t i o n  o f  th e  
s u sp e n s io n .
The c u r in g  c o n c e n t r a t i o n  o f  3 mM n i t r i t e  f a i l e d  to  promote 
o x id a t io n  o f  th e  s u sp e n s io n  even though  th e  amounts o f  n i t r i t e  u t i l i s e d  
a f t e r  18 h  in c u b a t io n  were n e g l i g i b l e .  The low u t i l i s a t i o n  f i g u r e s  showed
o i i c t o  i /x x e  x x x m x o e  s o i u i / i o n  x i c iu  u e e x i  p j ' o s o x x i -  w u u u g i i u u i /  u x x e  x i x c u u < x  o x u x x  t t x iu  
th e  absence  o f  any o x id a t io n  was d i f f i c u l t  to  r a t i o n a l i s e  w i th  th e  e f f e c t s  
o b se rved  u s in g  30 mM n i t r i t e ,  where as  e x p ec ted ,  n e g l i g i b l e  u t i l i s a t i o n  
o f  n i t r i t e  was once more o b se rved .
Wien th e  c o n c e n t r a t i o n  o f  n i t r i t e  was low ered to  0 .3  and 0 .03  mM, 
t o t a l  u t i l i s a t i o n  o c c u r re d .  This  d is a p p e a ra n c e  o f  n i t r i t e  e x p la in e d  th e  
absence  o f  r e s p i r a t o r y  c h a in  o x id a t io n  in  th e s e  two sam ples b u t  th e  
d i s p a r i t y  o f  r e s u l t s  betw een th e s e  experim en ts  and th o s e  u s in g  3 mM 
n i t r i t e  p la c e d  r e s p o n s i b i l i t y  f o r  th e  n i t r i t e  u t i l i s a t i o n  on an a g e n t  o th e r  
th a n  th e  m i to c h o n d r ia l  r e s p i r a t o r y  c h a in .  I t  was a p p r e c ia te d  t h a t  th e  
meat sam ples used  f o r  th e  experim en ts  were u n a v o id ab ly  h i g h l y  con­
taminated w i th  b a c t e r i a ,  and f o r  th e  experim en ts  in v o lv in g  s k e l e t a l  muscle 
minces th e  b road  spec trum  a n t i b i o t i c  C hlorom ycetin  was added to  p r e v e n t  
undue b a c t e r i a l  m u l t i p l i c a t i o n  in  th e  in c u b a t io n  sam ples (C hap te r  2 . 2 . ) .
I t  was q u i t e  p ro b ab h e  t h a t  t h i s  c o n ta m in a t io n  was a l s o  a f f e c t i n g  th e  
m i to c h o n d r ia l  su sp e n s io n  and t h a t  th e  conducive  c o n d i t io n s  i n  th e  c u v e t t e s  
(37°C, pH 6 and what amounted to  a "meat b r o th " )  were l e a d in g  to  a l a r g e  
b a c t e r i a l  p o p u la t io n  a f t e r  18 h  in c u b a t io n .  This  b a c t e r i a l  c o n ta m in a t io n  
cou ld  q u i t e  e a s i l y  acc o u n t f o r  th e  d is a p p e a ra n c e  o f  0 .3  mM n i t r i t e .  
O bv ious ly ,  i t  would be n e c e s s a ry  to  in c lu d e  C hlorom ycetin  i n  su b se q u en t 
m i to c h o n d r ia l  s u sp e n s io n s  to  o b ta in  a v a l i d  p i c t u r e  o f  th e  e f f e c t s  o f  low 
c o n c e n t r a t i o n s  o f  n i t r i t e  on r e s p i r a t o r y  c h a in  o x id a t io n .  As an  added 
p r e c a u t io n ,  p l a t e  c o u n ts  o f  th e  su sp e n s io n s  sho u ld  be c a r r i e d  o u t  a f t e r  
s h o r t  and long  in c u b a t io n  p e r io d s  and in  th e  p re s e n c e  o f  a n t i b i o t i c s ,  
to  d e te rm in e  b a c t e r i a l  l e v e l s  p r e c i s e l y  and th e  e f f e c t s  t h e r e o n  o f  v a r io u s  
p a ra m e te r s ,  in c lu d in g  c o n c e n t r a t i o n  o f  r e s i d u a l  n i t r i t e .
A c u rs o ry  ex am in a t io n  o f  th e  r e s u l t s  o f  t h i s  c h a p te r  would 
s u g g e s t  t h a t  th e  e f f e c t  o f  n i t r i t e  on o x i d i s i n g  th e  m i to c h o n d r ia l  s u s p e n s io n  
was m ere ly  dependent on c o n c e n t r a t i o n .  However, th e  l a c k  o f  any o b s e rv a b le
i n h i b i t o r y  e f f e c t  by n i t r i t e  on cytochrome o x id a s e .  W a l te r s  and 
T a y lo r  (1965) have r e p o r t e d  an i n h i b i t o r y  e f f e c t  by n i t r i t e  on th e  
a e r o b ic  a c t i o n  o f  cytochrome o x id a se  and on m i to c h o n d r ia l  r e s p i r a t i o n .
I t  i s  c o n c e iv a b le  t h a t  a t  a c o n c e n t r a t i o n  o f  3. mM, n i t r i t e  i s  e x e r t in g  an 
i n h i b i t o r y  e f f e c t  on cytochrome o x id a se  and t h i s  p re c lu d e s  any 
o x id a t iv e  e f f e c t  by n i t r i t e  i f  a c t i n g  i n  th e  r o l e  o f  a weak te rm in a l  
e l e c t r o n  a c c e p to r  to  th e  r e s p i r a t o r y  c h a in .  I f  t h i s  i s  s o ,  th e n  
o x id a t io n  o c c u r r in g  w i th  30 mM n i t r i t e  must have b een  a d i r e c t  fcion-enzymic 
chem ica l)  r e a c t i o n  assuming i n h i b i t i o n  o f  cytochrome o x id a se  d id  n o t  
d e c re a s e  w i th  in c re a s e d  n i t r i t e  c o n c e n tr s - t io n .  T h is  i s  a  p e r f e c t l y  
f e a s i b l e  p r o p o s i t i o n  as  n i t r i t e  can o x id i s e  reduced  cytochrome c i n  
th e  absence  o f  any e x t e r n a l  enzyme system  e .g .  m i to c h o n d r ia l  su sp e n s io n  
o r  cytochrome o x id a se  enzyme.
Ad d i t i o n  of n i t r i t e  to  a e ro b ic  m i to c h o n d r ia l  su sp e n s io n s
The s p e c t r a  o b ta in e d  on th e  a d d i t i o n  o f  n i t r i t e  to  an a e ro b ic  
su sp e n s io n  have a l r e a d y  been  d e s c r ib e d  in  th e  r e s u l t s  s e c t i o n .  In  th e  
absence  o f  any " v i s i b l e "  r e g io n  a b s o r p t io n  p e a k s ,  th e  most l i k e l y  e x p la n a t io n  
o f  th e  observed  s p e c t r a  i s  t h a t  th e y  were th e  r e s u l t  o f  c o n ta m in a t io n  
by myoglobin . I f  n i t r i t e  i s  added to  m yoglobin , fo rm a t io n  o f  t h e ’met 
( f e r r i c )  fo rm ’ p ro c e e d s .  The spectrum  of metmyoglobin u s in g ,  as  a 
r e f e r e n c e  sam ple, reduced  ( f e r r o u s )  myoglobin has  a maximum e x t i n c t i o n  
a t  406 nm and a minimum a t  436 nm (W alte rs  e t  a l .  1968b). A lthough  th e s e  
f i g u r e s  a r e  n o t  p r e c i s e l y  i n  agreem ent w i th  th e  s p e c t r a  o b ta in e d  
e x p e r im e n ta l ly ,  t h i s  i s  th e  most l i k e l y  e x p la n a t io n  f o r  th e  r a t h e r  
u n u s r a l  r e s u l t s  o b ta in e d .  The m yoglobin in  th e  t e s t  sample would be q u ic k ly  
co n v e r ted  to  th e  o x id i s e d  form by th e  added n i t r i t e  s o l u t i o n  and th e  
metmyoglobin th u s  formed would be ob se rv ed  a g a i n s t  a r e f e r e n c e  c u v e t t e  
which c o n ta in e d  myoglobin i n  th e  reduced  ( n a t iv e )  form.
A lthough th e  u se  o f  low te m p e ra tu re s  d id  n o t  a i d  th e  d e t e c t i o n  
o f  n i t r o s y l f e r r i c y t o c h r o m e  c in  t h i s  s e r i e s  o f  ex p e r im en ts ,  i t  p roduced  
some v e ry  i n t e r e s t i n g  r e s u l t s  when a p p l i e d  to  su sp e n s io n s  red u ced  w ith  
sodium d i t h i o n i t e .
K e i l i n  and H a r t r e e  (1949) p io n e e re d  t h e  e a r l y  work on th e  e f f e c t s  
o f  low te m p e ra tu re s  on th e  s p e c t r a  o f  b i o l o g i c a l  compounds. They concluded  
t h a t  th e  sh a rp e n in g  and i n t e n s i f i c a t i o n  o f  th e  a b s o rp t io n  bands were two 
in d e p en d en t phenomena. The i n t e n s i f i c a t i o n  r e s u l t e d  from an i n c r e a s e  i n  
th e  e f f e c t i v e  l i g h t  p a th  by th e  p r o v i s io n  o f  m u l t ip l e  r e f l e c t i n g  
s u r f a c e s  i n  a f ro z e n  s u sp e n s io n .  The sh a rp e n in g  e f f e c t ,  on th e  o th e r  
hahd , was dependent on th e  m o lecu la r  s t r u c t u r e  o f  th e  a b s o rb e r  and  r e q u i r e d  
v e ry  low te m p e ra tu re s  (below -9 0 °C ) .
The o b s e rv a t io n s  o f  th e  p r e s e n t  s tu d y  endorse  th o s e  r e p o r t e d  by 
E s ta b ro o k  (1961),  E l l i o t  and D oebbler  (1966) and W ilson (1967) i n  t h a t  th e  
r a t i o  o f  th e  S o re t  band a b s o r p t io n  to  a  -band  a b s o r p t io n  d e c re a s e d  a t  
low te m p e r a tu r e s .  A b so rp t io n  i n  th e  S o re t  r e g io n  in  c o n t r a s t  to  th e  
a  -b a n d s ,  shows v e ry  l i t t l e  in c r e a s e  i n  e i t h e r  sh a rp n ess  o r  a r e a  a t  low 
te m p e ra tu r e s .
The added enhancement which o c c u r re d  when th e  f ro z e n  su sp e n s io n  
was warmed and th e n  r e f r o z e n  was due to  th e  com posi t ion  o f  th e  su sp en d in g  
medium. The A ld r id g e  and P a rk e r  (1960) medium i s  e s s e n t i a l l y  a K C l/g lu co se  
medium; th e  c o n c e n t r a t i o n  o f  KC1 p r e s e n t  b e in g  10 mM. W ilson  (1967) 
has  r e p o r t e d  s i m i l a r  e f f e c t s  u s in g  KC1 media which a p p a r e n t ly  do n o t  
d e v i t r i f y  co m p le te ly  i n  th e  i n i t i a l  f r e e z i n g  p ro c e s s  and r e q u i r e  an 
a d d i t i o n a l  f r e e z i n g  to  com plete  d e v i t r i f i c a t i o n ,  th e re b y  p ro d u c in g  
maximal o r g a n i s a t i o n  o f  th e  s o l i d  s t a t e  and t h e r e f o r e  enhancement o f  
a b s o r p t io n .
C h a p te r  5* E f f e c t s  o f  N i t r i t e  on I n f e c t e d  and A n t i b i o t i c  
T r e a t e d  M i to c h o n d r i a l  S u s p e n s io n s
EFFECTS OF N ITRITE ON INFECTED AND ANTIBIOTIC TREATED MITOCHONDRIAL
PREPARATIONS 
5 .1 .  I n t r o d u c t io n
In  th e  p re v io u s  c h a p te r  th e  o x id i s i n g  e f f e c t s  of n i t r i t e  on an 
a n a e ro b ic  s k e l e t a l  muscle m i to c h o n d r ia l  p i e p a r a t i o n  were examined u s in g  
a range  of n i t r i t e  c o n c e n t r a t i o n s  (from 0 .03  to  30 .0  mM) which ex tended  
e i t h e r  s id e  o f  th e  c u r in g  c o n c e n t r a t i o n  (3 mM). The r e s u l t s  o b ta in e d  
in  C hap te r  4 c e r t a i n l y  su g g e s te d  t h a t  n i t r i t e  e x e r te d  v e ry  l i t t l e  e f f e c t  
on th e  r e s p i r a t o r y  c h a in  and t h a t  o x id a t io n  by n i t r i t e  cou ld  p roceed  o n ly  
i f  th e  in o rg a n ic  s a l t  was p r e s e n t  a t  a s u f f i c i e n t l y  h ig h  c o n c e n t r a t i o n  
(30 mM). Even th e n ,  o v e rn ig h t  in c u b a t io n  o f  th e  a n a e ro b ic  s u sp e n s io n  
was r e q u i r e d  to  accom plish  com plete o x id a t io n  o f  th e  r e s p i r a t o r y  c h a in  
cytochrom es and no ev idence  o f  n i t r o s y l f e r r i e y t o c h r o m e  c fo rm a t io n  was 
fo r th co m in g .  The com plete  absence o f  any u t i l i s a t i o n  of n i t r i t e  a t  
c o n c e n t r a t i o n s  o f  3 mM and above c o n t r a s t e d  w i th  th e  t o t a l  d is a p p e a ra n c e  
of n i t r i t e  when th e  added c o n c e n t r a t i o n  was 0 .3  mM and below , and a ro u sed  
a s u s p i c io n  t h a t  b a c t e r i a  p r e s e n t  i n  th e  su sp e n s io n  were r e s p o n s ib l e  
f o r  t h i s  a n a e ro b ic  u t i l i s a t i o n  o f  n i t r i t e  a t  low c o n c e n t r a t i o n s .  A naerob ic  
u t i l i s a t i o n  of n i t r i t e  by b a c t e r i a  i s  w ell-know n (Verhoeven, 1956;
Fournaud, Raibaud and Mocquot, 1964; F u j i t a  and S a to ,  1967) and th e  
invo lvem ent o f  b a c t e r i a  i n  th e  d is a p p e a ra n c e  o f  n i t r i t e  i n  th e  m i to c h o n d r ia l  
su sp e n s io n s  was i n v e s t i g a t e d .
The r e s p i r a t o r y  ch a in  i n h i b i t i o n  e x e rc is e d  by a n t im y c in  A was 
shown to  be i n e f f e c t i v e  a f t e r  th e  lo n g  in c u b a t io n  p e r io d  and a l th o u g h  
t h i s  a g e n t  was o r i g i n a l l y  in t ro d u c e d  because  o f  th e  d u a l  r o l e  i t  would 
p la y  (see  C hap te r  4 . 3 . )  th e  f a i l u r e  to  b lo c k  r e s p i r a t i o n  r e s u l t e d  in  
m is le a d in g  s p e c t ro p h o to m e t r ic  d a t a  and th e  use  o f  an t im y c in  A was d i s ­
c o n t in u e d  in  fa v o u r  o f  sodium am ylobarb itone  ( a m y ta l ) . Amytal i n h i b i t s  
e l e c t r o n  t r a n s f e r  a t  complex I  o f  th e  r e s p i r a t o r y  ch a in  ( E r n s t e r ,  D a l ln e r  
and Azzone, 1963) and as  such would be an  i n e f f e c t i v e  i n h i b i t o r  o f  th e  
r e - r e d u c t i o n  of th e  r e s p i r a t o r y  ch a in  i f  s u c c in a te  was u sed  as  added
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s u b s t r a t e  (see  F ig .  5 . 1 . ) .  S u c c in ic  dehydrogenase  (E.C. 1 . 3 . 9 9 . 1 . )  
i n t e r a c t s  w i th  th e  r e s p i r a t o r y  cha in  on th e  e l e c t r o n  a c c e p to r  (oxygen) 
s id e  of complex I  (F ig .  5 . 1 . ) .  The use  o f  p y ru v a te  as th e  s u b s t r a t e  
added to  th e  m i to c h o n d r ia l  su sp e n s io n s  ensu red  th e  e f f i c a c y  o f  th e  am ytal 
i n h i b i t i o n  s in c e  p y ru v a te  e n t e r s  th e  r e s p i r a t o r y  chain  by way of l i p o i c  
a c id  and NADH o f  th e  p y ru v a te  dehydrogenase  enzyme complex (E.C. 1 . 2 . 4 . 1 . )
The use  o f  b ro ad  spec trum  a n t i b i o t i c s  ( e .g .  C hlorom ycetin) in  
c o n ju n c t io n  w i th  am ytal r e v e a le d  an i n t e r e s t i n g  and somewhat un u su a l  
e f f e c t  of sodium n i t r i t e  on th e  o x id a t io n  o f  th e  r e s p i r a t o r y  c h a in  o f  
p ig  muscle m i to c h o n d r ia .
Assay o f  b a c t e r i a l  c o n te n t  o f  m i to c h o n d r ia l  su sp e n s io n s
The m itochondria] ,  s u s p e n s io n s ,  a f t e r  a n a e ro b ic  in c u b a t io n  (37°C, 
pH 6) f o r  1 h or 18 h ,  were s e r i a l l y  d i l u t e d  w ith  R inger  pep tone  s o l u t i o n  
pH 7 .0  o f  th e  fo l lo w in g  com posi t ion :  NaCl 2 .25 g / l ;  KC1 0 .105  g / l ;
CaCl^ 0 .1 2  g / l ;  NaHCO  ^ 0 .05  g / l ;  b a c t e r i o l o g i c a l  pep tone  O A ft (w /v ) .
Each d i l u t e d  s o lu t i o n ( 0 .1  ml) was s t r e a k e d  o u t  on p l a t e  count a g a r  and 
in c u b a te d  a t  37°C f o r  24 h .  The d i l u t i o n  c o n ta in in g  th e  h ig h e s t  number 
o f  c o lo n ie s  which cou ld  be coun ted  a c c u r a t e l y  was used  a s  th e  e s t im a te  
f o r  t h e  b a c t e r i a l  p o p u la t io n  i n  th e  o r i g i n a l  m i to c h o n d r ia l  s u s p e n s io n .
A f te r  th e  c o lo n ie s  had been coun ted  th e y  were t r a n s f e r r e d  from 
th e  p l a t e  coun t a g a r  to  n u t r i e n t  b r o th  and in c u b a te d  a t  30°C f o r  24 h .
The r e s u l t i n g  b a c t e r i a l  s l u r r y  was th e n  s e r i a l l y  d i l u t e d  w i th  A ld r id g e  
and P a rk e r  (1960) medium and each d i l u t i o n  was in c u b a te d  f o r  18 h a t  37°C 
and pH 6 w i th  0 .03  and 0 .3  mM c o n c e n t r a t i o n s  o f  n i t r i t e  u s in g  a p p r o p r i a t e  
c o n t ro l  ( b u f f e r  on ly )  sam ples .  The b a c t e r i a l  popula/fcion o f  th e  n u t r i e n t  
b r o th  was a ssay ed  a t  th e  com ple tion  of  18 h in c u b a t io n  by th e  method 
d e s c r ib e d  above and from t h i s  f i g u r e  th e  minimum c o n c e n t r a t i o n  o f  b a c t e r i a  
r e q u i r e d  to  u t i l i s e  a g iv en  c o n c e n t r a t i o n  o f  n i t r i t e  co u ld  be computed.
U sing t h i s  te c h n iq u e ,  th e  n i t r i t e  u t i l i s a t i o n  t h a t  to o k  p la c e  i n  th e  
m i to c h o n d r ia l  su sp e n s io n ,  and which was due o n ly  to  th e  b a c t e r i a  p r e s e n t  
in  t h a t  su sp e n s io n  co u ld  be d e te rm ined  w i th  a f a i r  d eg ree  o f  a c c u ra c y  '
M ito c h o n d r ia l  su sp e n s io n s  were p re p a re d  as  d e s c r ib e d  in  C h ap te r  3. 
I n c u b a t io n s ,  s p e c t ro p h o to m e t r ic  o b s e r v a t io n  and a n a l y s i s  f o r  r e s i d u a l  
n i t r i t e  were c a r r i e d  o u t  a s  d e s c r ib e d  i n  C hapter 4 .2 .
This was measured- u s in g  a p o la ro g ra p h ic  method as  d e s c r ib e d  in  
C hap ter  3 .2 .  A ld r id g e  and P a rk e r  (1960) p h o s p h o ry la t in g  b u f f e r  was u sed  
as  th e  m i to c h o n d r ia l  s u p p o r t in g  medium and th e  c o n d i t io n s  were pH 6 .0  
and 37°C.
The oxygen in  s o l u t i o n  a t  37°C was c o n s id e re d  to  be 200 nmol/ml 
as  f o r  a s a t u r a t e d  s o l u t i o n  o f  low io n i c  s t r e n g t h  (C h ap p e l l ,  1964).
5 . 3 .  R e s u l t s
Involvem ent o f  b a c t e r i a  in  u t i l i s a t i o n  o f  n i t r i t e  in. m i to c h o n d r ia l  
su sp e n s io n s
The b a c t e r i a l  p o p u la t io n  o f  th e  m i to c h o n d r ia l  su sp e n s io n  in c re a s e d
c o n s id e ra b ly  d u r in g  th e  18 h in c u b a t io n  p e r io d  as  i s  shown i n  Table  5 .1 .
5The p o p u la t io n  a f t e r  18 h i s  ap p ro x im a te ly  10 t im es  t h a t  a f t e r  one h o u r .  
Even m i to c h o n d r ia l  su sp e n s io n s  h e a t - t r e a t e d  a t  80°C f o r  10 min c o n ta in e d  a 
f a i r l y  h ig h  b a c t e r i a l  p o p u la t io n  a f t e r  .18 h (Table 5 . 1 . ) ;  t h i s  was p ro b a b ly  
th e  r e s u l t s  o f  spo re  form ation? in  th e  su sp e n s io n .  No b a c t e r i a  were 
d e t e c t e d  i n  c o n t r o l  ( b u f f e r  on ly )  samples a f t e r  18 h i n c u b a t io n .
I f  C hlorom ycetin  o r  aureom ycin were in c lu d e d  i n  th e  su sp e n s io n s  
a t  a c o n c e n t r a t i o n  o f  0.1 mg/ml th e  b a c t e r i a l  p o p u la t io n  was d r a m a t i c a l l y  
reduced  i n  th e  18 h sample to  th e  same o rd e r  a s  t h a t  i n  su sp e n s io n s  
in c u b a te d  f o r  o n ly  1 h .  N i t r i t e  i t s e l f  e x e r t s  a b a c t e r i o s t a t i c  e f f e c t  a t  
a c o n c e n t r a t i o n  of  3 mM and t h i s  e f f e c t  i s  more pronounced when th e  
c o n c e n t r a t i o n  i s  r a i s e d  to  30 mM (Table  5 . 1 . ) .
The b a c t e r i a  i s o l a t e d  from th e  m i to c h o n d r ia l  s u sp e n s io n s  and 
l a t e r  c u l tu r e d  i n  n u t r i e n t  b r o th  cou ld  u t i l i s e  c o m p le te ly  0 .0 3  and 0 .3  mM 
c o n c e n t r a t i o n s  o f  n i t r i t e  i n  th e  com plete  absence  o f  any m i to c h o n d r ia .
The minimum b a c t e r i a l  p o p u la t io n  in  n u t r i e n t  b r o th  a f t e r  18 h  in c u b a t io n  
which co u ld  t o t a l l y  m e ta b o l i c a l l y  degrade  0 .3  mM n i t r i t e  was a lm o s t  equa l 
to  th e  b a c t e r i a l  p o p u la t io n  o f  th e  m i to c h o n d r ia l  s u sp e n s io n  i t s e l f  a f t e r  
th e  same p e r io d  o f  in c u b a t io n  (Table  5 . 2 . )  These ex p er im en ts  confirm ed  
th e  h y p o th e s i s  t h a t  b a c t e r i a  p r e s e n t  i n  th e  a n a e ro b ic  m i to c h o n d r ia l  
su sp e n s io n  cou ld  be r e s p o n s ib l e  p e r  se f o r  th e  d is a p p e a ra n c e  o f  n i t r i t e  
i n  th e  su sp e n s io n s  and t h a t  invo lvem en t o f  th e  r e s p i r a t o r y  c h a in  i n  th e  
u t i l i s a t i o n  o f  n i t r i t e  cou ld  be v e ry  s m a l l .  This  d id  n o t ,  how ever, p re c lu d e  
th e  complementary e f f e c t  of n i t r i t e  on th e  r e s p i r a t o r y  c h a in  w hich i s  
i n v e s t i g a t e d  l a t e r  i n  t h i s  c h a p te r .  The d i f f e r e n c e  i n  th e  m agnitude o f  th e  
c r i t i c a l  b a c t e r i a l  p o p u la t io n  (10^ and 1 0 ^ )  i n  th e s e  two e x p e r im en ts  i s  
p ro b a b ly  due to  d i f f e r e n c e s  i n  th e  n a t u r e  o f  t h e i r  p o p u la t io n s ,  i . e .  th e  
d i f f e r e n t  ty p e s  o f  b a c t e r i a  p r e s e n t  and t h e i r  c a p a c i ty  to  m e ta b o l i s e  n i t r i t e ,
Treatment  ' I n c u b a t io n  P e r .t e d  B a c t e r i a l  P o p u la t io n
(h) (p e r  ml)
None 1 107
None 1 8 '  10^ 2
H eat T rea tm en t (80°C; 10 min) 18 1 0 ^
C hlo rom ycetin  (0.1 mg/ml) 1 10^
18 106
7Aureomycin (0.1 mg/ml) 1 10
18 107
0 .03  mM NaN0„ 18 1012
0 .3  mM NaN0? 18 ■ 101-2
3 .0  mM NaN02 18 109
3 0 .0  mM NaN0_ 18 ,107
M ito c h o n d r ia l  su sp e n s io n s  were p re p a re d  from th e  same 
s k e l e t a l  muscle sample and were in c u b a te d  under a n a e ro b ic  c o n d i t io n s  
a t  37°C in  A ld r id g e  and P a rk e r  ( i960) medium pH 6 .0 .
TABLE 5 . 2 .  NITRITE U TIL ISA T IO N  IN MITOCHONDRIAL SUSPENSIONS AND
IN BACTERIA CULTURED PROM THEM
M ito c h o n d r ia l  su sp e n s io n s  and b a c t e r i a l  c u l t u r e s  p re p a re d  
from them were a ssay ed  f o r  u t i l i s a t i o n  o f  0 .3  mM added n i t r i t e  to  
a s c e r t a i n  th e  invo lvem en t o f  b a c t e r i a  ( p r e s e n t  i n  th e  m i to c h o n d r ia l  
s u s p e n s io n s )  i n  n i t r i t e  d e g r a d a t io n .  In c u b a t io n  c o n d i t io n s  were 
i d e n t i c a l  in  each c a se :  a n a e ro b ic  env ironm en t,  37°C, 18 h i n  A ld r id g e  
and P a rk e r  (1960) medium pH 6 .0 .
Expt
No
MITOCHONDRIAL SUSPENSION BACTERIAL CULTURE
B a c t e r i a l  P o p u la t io n  
(p e r  ml)
N i t r i t e
U t i l i s a t i o n
(/»)
• P o p u la t io n  
(p e r  ml)
N i t r i t e
U t i l i s a t i o n
W
1 . •107 100 ^ 109 100
108 100
107 98
610 2
2. 1010 100 1110 100
1010 100
„ 910 4
108 Trace
In  each experim en t th e  minimum b a c t e r i a l  p o p u la t io n  cap a b le  
o f  u t i l i s i n g  added n i t r i t e  co m p le te ly  i s  i n  agreem ent w i th  th e  p o p u la t io n  
o f  th e  m i to c h o n d r ia l  su sp e n s io n .
ji.s> xu rw ier  proox ox inie mvoiveraeno 01 oac& eria  i n  in e  u i n i s a x i o n
o f n i t r i t e ,  F ig .  5 .2 .  shows th e  e f f e c t  o f  Chlorom ycetin  (0.1 mg/ml) on
th e  u t i l i s a t i o n  o f  a low (0 .03  mM) c o n c e n t r a t i o n  o f  added n i t r i t e  in  an
a n a e ro b ic  su sp e n s io n  o f  m i to ch o n d r ia  in c u b a te d  f o r  18 h a t  37°C.
A c u r s o ry  su rv ey  o f  th e  ty p e s  o f  b a c t e r i a  p r e s e n t  i n  th e
su sp e n s io n s  r e v e a le d  many d i f f e r e n t  g en e ra  in c lu d in g  S ta p h y lo c o c c i ,  S t r e p to c o c c
and c o l i f o rm s .  A more d e t a i l e d  and le n g th y  i n v e s t i g a t i o n  o f  th e  b a c t e r i a l
c o n te n t  o f  th e  su sp e n s io n s  was n o t  c o n s id e re d  to  be p a r t i c u l a r l y  r e l e v a n t
to  t h e  p r e s e n t  s tu d y  now t h a t  t h e i r  p a r t i c i p a t i o n  i n  th e  e f f e c t s  under
i n v e s t i g a t i o n  was f u l l y  a p p r e c ia t e d .
E f f e c t  o f  n i t r i t e  on m i to c h o n d r ia l  su sp e n s io n s  i n  th e  p re s e n c e  and absence  
o f  C hlorom ycetin  a n d /o r  sodium am ytal
When low c o n c e n t r a t i o n s  o f  n i t r i t e  (0 .3  a n d '0 .0 3  mM) were added 
to  th e  m i to c h o n d r ia l  s u s p e n s io n ,  com plete  n i t r i t e  l o s s  o c c u r re d  a f t e r  18 h 
in c u b a t io n  b u t  t h i s  u t i l i s a t i o n  o f  n i t r i t e  was s u b s t a n t i a l l y  lowered in  
th e  p re se n c e  o f  C hlorom ycetin  (0.1 mg/ml) as  has  a l r e a d y  been e x p la in e d .
In  th e  absence  o f  C hlo rom ycetin ,  i n c l u s i o n  o fam y ta l  (2 mM) 
in  th e  s u sp e n s io n  had no e f f e c t  on n i t r i t e  u t i l i s a t i o n  and v e ry  l i t t l e  
e f f e c t  on th e  r e d u c e d /o x id i s e d  s t a t e  o f  th e  s u s p e n s io n s .  The s p e c t r a  
showed a l l  su sp en sio n s  to  be reduced  a f t e r  18 h in c u b a t io n  i n  agreem ent 
w i th  e a r l i e r  experim en ts  (C hap te r  4 . 3 . ) .  I n  th e  p re sen ce  o f  am yta l 
th e  s u sp e n s io n s  were s l i g h t l y  l e s s  re d u c e d ,  b u t  th e  d i f f e r e n c e  betw een 
th e  s p e c t r a  o f  th e s e  su sp e n s io n s  and th e  c o n t r o l s  was b a r e l y  d e t e c t a b l e .
In  su sp e n s io n s  c o n ta in in g  0 .3  and 0 .03  mM n i t r i t e  and C h lo rom ycetin  
(w ith  o r  w i th o u t  sodium a m y ta l ) ,  unambiguous ev idence  o f  n i t r o s y l f e r r i c y t o c h r o m  
c fo rm a t io n  i n  th e  a n a e ro b ic  m ito c h o n d r ia  p r e p a r a t io n  was o b ta in e d  f o r  th e  
f i r s t  t im e .  The spectrum  i n  F ig .  5 .3 .  shows q u i t e  u n m is tak ab ly  th e  
a b s o r p t io n  maxima afc 564, 530 and 418-420 nm which a r e  i n d i c a t i v e  o f  t h i s  
compound. F u r th e r  ev idence  was p ro v id e d  by th e  s t a b i l i t y  o f  th e  spec trum  
in  an a e ro b ic  atm osphere: t h i s  would n o t  have o c c u r re d  had th e  spec trum  
been t h a t  o f  a reduced  cytochrome o r  cytochrome complex. I n  f a c t ,  t h e  
compound was s u f f i c i e n t l y  s t a b l e  in  a i r  to  a l lo w  low temperaiure s p e c t r a
F IG . 5-2<- THE EFFECT OF CHLOROMYCETIN ON THE UTILISA TIO N -O F
NITRITE IN A MITOCHONDRIAL SUSPENSION.
(B)
% t o t a l  
n i t r i t e  
u t i l i s a t i o n
© /
186 123 9
P e r io d  o f  in c u b a t io n  h
M itochond ria  were in c u b a te d  a t  37°C in  A ld r id g e  and P a rk e r  ( i 960 ) medium 
pH 6 .0  under a n a e ro b ic  c o n d i t io n s  (a rgon  a tm osphere)  w i th  sodium n i t r i t e  
(0 .0 3  mM i n i t i a l  c o n c n . ) .  The g raph  shows th e  p e rc e n ta g e  n i t r i t e  
u t i l i s a t i o n  o v er  an in c u b a t io n  p e r io d  o f  18 li w i th  (A) and w i th o u t  (B) 
C hlorom ycetin  (0 .1  mg/ml). .
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to  be made (F ig .  5 . 3 . )  and th e s e  confirm ed  th e  s p e c t r a l  i d e n t i t y  o f  
n i t r o s y l f e r r i c y t o c h r o m e  c .
An i n t e r e s t i n g  e f f e c t  -was n o te d  i n  su sp e n s io n s  c o n ta in in g  1 
o n ly  C hlorom ycetin  and th e  lo w e s t  c o n c e n t r a t i o n  o f  n i t r i t e  (0 .03  mM).
The r e s p i r a t o r y  ch a in  appeared  t o  be in  dynamic e q u i l ib r iu m  betw een th e  
o x id i s e d  and reduced  co n d i t io n s  and presum ably  t h i s  was due to  th e  
opposing  in f lu e n c e  o f  n i t r i t e  as  an o x id a n t  and p y ru v a te  as  a r e d u c t a n t  o f  
th e  su sp e n s io n  in  an environm ent f r e e  o f  oxygen. This e q u i l ib r iu m  
was n o t  observed when am ytal (2 mM) was a l s o  in c lu d e d  in  th e  s u sp e n s io n  
o r  when h ig h e r  c o n c e n t r a t i o n s  o f  n i t r i t e  were employed. A lthough am ytal 
had v e ry  l i t t l e  e f f e c t  on th e  amount o f  n i t r i t e  u t i l i s e d ,  i t  was o b v io u s ly  
s u c c e s s f u l  i n  i n h i b i t i n g  th e  r e d u c t iv e  e f f e c t  o f  p y ru v a te  a f t e r  18 h 
i n c u b a t io n  and. in d e ed ,  t h i s  o b s e r v a t io n  was u s e f u l  i n  v i n d i c a t i n g  th e  
rep la cem e n t o f  an t im y c in  A by am ytal i n  t h i s  s e r i e s  o f  ex p e r im en ts .
When th e  c o n c e n t r a t i o n  o f  added n i t r i t e  was in c r e a s e d  to  3 mM 
v e ry  l i t t l e  n i t r i t e  l o s s  o c c u r re d  in  th e  m i to c h o n d r ia l  s u sp e n s io n s .
This  confirm ed  r e s u l t s  o b ta in e d  in  e a r l i e r  experim en ts  and th o s e  from th e  
i n v e s t i g a t i o n s  o f  b a c t e r i a l  p o p u la t io n s .  In  e f f e c t ,  th e  i n c l u s i o n  o f  
C hlorom ycetin  was s u p e r f lu o u s  when n i t r i t e  o f  t h i s  and h ig h e r  con­
c e n t r a t i o n s  was u sed .  However, i n  th e  p re se n c e  o f  3 mM n i t r i t e ,  o x id a t io n  
o f  th e  s u sp e n s io n  d id  n o t  occur u n le s s  am ytal was a l s o  p r e s e n t .  T h i s ,  
o f  c o u r s e ,  was m ere ly  r e p e t i t i o n  o f  th e  experim en ts  c a r r i e d  o u t  i n  
C hap te r  4 b u t  confirm s and e x p la in s  th e  n o ta b le  l a c k  o f  p o s i t i v e  r e s u l t s  
in  th e  e a r l y  experim en ts  u s in g  th e  c u r in g  c o n c e n t r a t i o n  o f  n i t r i t e ,  
l/hen th e  c o n c e n t r a t i o n  o f  n i t r i t e  was r a i s e d  to  30 mM, o x id a t io n  o f  t h e  
s u sp e n s io n  o ccu rred  in  agreem ent w i th  p re v io u s  r e s u l t s .  O x id a t io n  
o c c u r re d  w i th  30 mM n i t r i t e  r e g a r d l e s s  o f  w hether  C hlorom ycetin  a n d /o r  
am yta l were p r e s e n t .
The fo re g o in g  r e s u l t s  a r e  summarised i n  Table 5 .3 .  and 
c l e a r l y  d em o n s tra te  an anomalous e f f e c t  o f  n i t r i t e  around th e  c u r in g  
c o n c e n t r a t i o n  o f  3 .0  mM. The t r e n d  of r e s p i r a t o r y  ch a in  o x id a t io n  in  
th e  p re s e n c e  o f  n i t r i t e  vas  r e v e r s e d  a t  th e  3 .0  mM l e v e l  and th e n  re a p p e a re d  
a t  30 mM. At th e  c u r in g  c o n c e n t r a t i o n  some form o f  i n h i b i t i o n  of 
o x id a t io n  of th e  su sp e n s io n  must have been  t a k in g  p la c e ,  due perhaps  
to  th e  n i t r i t e  i t s e l f .
F u r th e r  experim en ts  were c a r r i e d  o u t  u s in g  n i t r i t e  a t  
c o n c e n t r a t i o n s  o f  0 .3 ,  1 .0 ,  3 .0  and 10 .0  mM to  a c c u r a t e l y  a s s a y  th e  
o x id a t iv e  e f f e c t  o f  n i t r i t e  c lo se  to  th e  i n h i b i t o r y  c o n c e n t r a t i o n .  As 
b a c t e r i a l  d ecom posi t ion  s t i l l  o c c u rre d  a t  0 .3  mM and t h i s  v a s  one o f  th e  
c o n c e n t r a t i o n s  employed i n  th e s e  e x p e r im en ts ,  C hlorom ycetin  v as  added to 
a l l  samples to  ensu re  v a l i d i t y  of r e s u l t s .  A f te r  18 h in c u b a t io n
th e  e x t in c t io n s  o f  th e  su sp e n s io n s  v e re  measured (u s in g  a f u l l y  a e ro b ic
sample a s  r e f e r e n c e )  a t  600, 550 and 445 nm to  a s s e s s  th e  d eg ree  o f  
o x id a t io n  o f  th e  su sp e n s io n .  Only th e  a lp h a  peaks a t  600 and 550 nm v e re  
chosen because  th e  peak  due to  cytochrome b ( a t  562j) v a s  n o t  a lv a y s  as  
d i s t i n c t  as  th e  o th e r  t v o .  The S o re t  peak due to  cytochrome a a t  445 i\m 
vas  th e  o n ly  peak in  t h a t  r e g io n  o f  th e  spec trum  v h ic h  v a s  n o t  masked by 
o th e r  a b s o r p t io n  maxima. The e x t i n c t i o n  measurements ap p ea r  i n  Table  5 .4 .  
and th e  s t a t i s t i c a l  a n a l y s i s  shovs t h a t  above and b e lo v  th e  c u r in g  
c o n c e n t r a t i o n  n i t r i t e  e x e r te d  a s u b s t a n t i a l l y  g r e a t e r  o x id a t iv e  e f f e c t  
th a n  a t  c o n c e n t r a t i o n s  i n  th e  r e g io n  o f  t h a t  u sed  in  c u r in g .  In  f a c t  
t h e r e  ap p ea red  to  be an  " i n h i b i t o r y  zone" o f  cytochrome o x id a t io n  a t
c o n c e n t r a t io n s  o f  n i t r i t e  b e tv een  1 and 3 mM.
Use o f  cytochrome o x id a se  i n h i b i t o r
I t  h a s  a l r e a d y  been  shovn t h a t  n i t r i t e  i s  a v eak  i n h i b i t o r  
o f  a e ro b ic  cytochrome o x id a se  a c t io n  (U a l te r s  and T a y lo r ,  1965).  Hovever 
i n  o x id i s i n g  an a n a e ro b ic  m i to c h o n d r ia l  s u sp e n s io n  i t  can a c t  a s  an 
i n e f f i c i e n t  t e rm in a l  e l e c t r o n  a c c e p to r  and th e  use, o f  p o ta ss iu m  cyan ide
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TABLE 5 . 4 .  EFFECT OF NITRITE CONCENTRATION ON EXTINCTION VALUES OF
MITOCHONDRIAL. CYTOCHROMES
N i t r i t e  
Cone. 
(mM)
E, „ / , . \ a t  w ave leng th  in d i c a t e d  below t e s t - r e f e r e n c e  vae rob ic )
600 nm 550 nm 445 nm
0 .3
1 .0
3 .0
10 .0
0 .015  + 0 .003  (4) 
0 .053  + 0 .012  (4) 
0 .0 5 4  + 0 .015 (4) 
0 .010  + 0 .006  (4)
0 . 0 1 6 +  0.001 (4) 
0 .050  + 0 .012  (4) 
0 . 0 5 4 +  0 .013 (4) 
0 .016  + 0 .007  (4)
0 .033  + 0 .003  (4) 
0 .162  + 0 .035  (4) 
0.191 + 0 .058  (4) 
0 .038  + 0.021 (4)
The e x t i n c t i o n  o f  t h e  m i to c h o n d r ia l  su sp e n s io n s  was measured 
a t  600, 550 and 445 nm (see  t e x t )  u s in g  an a e ro b ic  sample as  a r e f e r e n c e .  
E x t in c t io n  measurements v e re  made a f t e r  18 h in c u b a t io n  a t  37°C under 
an a e ro b ic  c o n d i t io n s  in  A ld r id g e  and P a rk e r  ( i960 )  medium pH 6 .0 ,  c o n ta in in g  
C hlorom ycetin  (0,1 mg/ml).
The v a lu e s  g iv en  a re  mean + s ta n d a rd  e r r o r ,  th e  f i g u r e  in  
b r a c k e t s  b e in g  th e  number o f  sam ples .  The s t a t i s t i c a l  a n a l y s i s  which 
fo l lo w s  u se s  t h e  S tu d e n ts  t  t e s t  to  d e te rm in e  s i g n i f i c a n t  d i f f e r e n c e s  
betw een th e  3 mM n i t r i t e  sample and o th e r  sam ples ( s i g n i f i c a n c e  i s  i n d i c a t e d  
by p /  0 .0 5 ) .
N i t r i t e  
Cone. 
(mM)
W avelength (nm)
600 550 445
0 .3 p < 0 .0 5 p < 0 .05 p < 0 .0 5
1 .0 ns ns ns
10 .0 p < 0 .0 5 p <  0 .05 p < 0 .05
was d e s ig n e d  to  examine th e  mechanism o f  a c t io n  o f  n i t r i t e  a t  c o n c e n t r a t i o n s  
e i t h e r  s id e  o f  th e  s o - c a l l e d  " i n h i b i t o r y  zone" . When KCN (0.1 mM) was 
in c lu d e d  in  th e  m i to c h o n d r ia l  s u s p e n s io n s ,  o x id a t io n  o ccu rred  i n  th e  
p re se n c e  o f  30 mM b u t  n o t  0 .3  mM n i t r i t e .  I t  appea red  as  i f  t h e  
o x id a t iv e  e f f e c t  o f  n i t r i t e  was enzymic a t  low c o n c e n t r a t i o n s  when 
o x id a t io n  would p roceed  p r i n c i p a l l y  v i a  th e  te rm in a l  e l e c t r o n  a c c e p to r  
c a p a c i t y  o f  n i t r i t e .  This  a c t i o n  would c l e a r l y  be i n h i b i t e d  by th e  
i n c l u s i o n  o f  a p o te n t  cytochrome o x id a se  i n h i b i t o r  such as  c y an id e .  At 
h ig h  c o n c e n t r a t i o n s ,  n i t r i t e  p ro b a b ly  e x e r t e d  a m a in ly  d i r e c t  (non-enzym ic , 
chem ica l)  o x id a t io n  on th e  i n d i v id u a l  cytochromes o f  th e  r e s p i r a t o r y  c h a in  
and t h i s  would e x p la in  th e  f a i l u r e  o f  KCN to  a r r e s t  o x id a t io n  i n  t h i s  
i n s t a n c e .  In  b o th  c a s e s ,  however, th e  fo rm a t io n  o f  n i t r o s y l f e r r i c y t o c h r o m e  
was p resum ably  p re fa c e d  by th e  o x id a t io n  o f  fe r ro cy to ch ro m e  c and th e  
su bsequen t ' r e l e a s e  o f  th e  n i t r o s y l  m oie ty  which cou ld  th e n  combine w ith  
o x id i s e d  cytochrome c fo rm ing  th e  n i t r o s y l  complex. The fo rm a t io n  o f  t h i s  
compjlex i s  d i s c u s s e d  i n  g r e a t e r  d e t a i l  below.
Sodium az id o  (1 mM) was a l s o  used  as  an  i n h i b i t o r  o f  cytochrome 
o x id a se  a c t i o n  b u t  was £>und to  be u n s u i t a b l e  i n  th e  p r e s e n t  i n v e s t i g a t i o n  
b ecause  i t  combined w i th  and removed n i t r i t e  from th e  su sp e n s io n s  and 
c o n t r o l  sam ples .
F orm ation  o f  n i t r o s y l f e r r i c y t o c h r o m e  c
A lthough i t  was now a p p a re n t  t h a t  an i n h i b i t o r y  zone o f  
cytochrome o x id a t io n  o c c u r re d  a t  n i t r i t e  c o n c e n t r a t i o n s  a b o u t t h a t  u sed  
in  c u r in g ,  th e  o x id a t io n  which o c c u r re d  in  th e  p re sen ce  o f  n i t r i t e  
c o n c e n t r a t i o n s  on e i t h e r  s id e  o f  t h i s  zone o c c a s i o n a l l y  f a i l e d  to  show 
fo rm a t io n  o f  th e  n i t r o s y l f e r r i c y t o c h r o m e  c complex.
The cou rse  o f  o x id a t io n  o f  an a n a e ro b ic  s u sp e n s io n  was fo l lo w e d  
to  a s c e r t a i n  th e  mechanism o f  forma,tion o f  t h i s  complex. U sing  a h ig h  
(30 mM) c o n c e n t r a t i o n  o f  n i t r i t e  i t  was d em o n s tra ted  t h a t  o x id a t io n  p rece d ed
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n i t r o s y l f e r r i c y t o c h r o m e  c fo rm a t io n  as shown by s p e c t r a  r e a d  a f t e r  11 h 
and 22 h in c u b a t io n  (F ig .  5.4’. ) .  The in c u b a t io n  tim e o f  18 h which was 
g e n e r a l ly  used  th ro u g h o u t  th e  p r e s e n t  i n v e s t i g a t i o n  would th u s  be 
s u f f i c i e n t  to  r e v e a l  o x id a t io n  (as  t h i s  o c c u rre d  a f t e r  11 h ,  and a f t e r  
7 h  i f  2 mM am ytal was ad d ed ) ,  b u t  i t  may have been i n s u f f i c i e n t  to  
r e v e a l  n i t r o s y l f e r r i c y t o c h r o m e  c fo rm a t io n .  Form ation  o f  t h i s  complex 
(as  cpposed to  o v e r a l l  o x id a t io n  o f  th e  su sp e n s io n )  may have depended 
upon in d i v id u a l  v a r i a t i o n s  between m i to c h o n d r ia l  p r e p a r a t i o n s .
E f f e c t  of N i t r i t e  on th e  R e s p i r a to r y  A c t i v i t y  o f  M ito ch o n d r ia
When added to  an a c t i v e l y  r e s p i r i n g  m itochondria l ,  s u s p e n s io n ,  
n i t r i t e  was found to  i n h i b i t  th e  r a t e  o f  r e s p i r a t i o n  i n  j> roportion  to  
th e  c o n c e n t r a t i o n  o f  n i t r i t e  added. N i t r i t e  c o n c e n t r a t i o n s  o f  5 mM and 
below had l i t t l e  o r  no e f f e c t  on th e  r e s p i r a t o r y  r a t e  o f  th e  m ito c h o n d r ia  
b u t  a c o n c e n t r a t i o n  o f  60 mM produced 80fe i n h i b i t i o n  o f  r e s p i r a t i o n  
(Table 5 . 5 . ) .  Low c o n c e n t r a t i o n s  o f  th e  t y p i c a l  e l e c t r o n  t r a n s p o r t  
i n h i b i t o r s  am ytal and KCN e x e r te d  th e  same p e rc e n ta g e  i n h i b i t i o n  a s  th e  
h ig h e s t  c o n c e n t r a t i o n  o f  n i t r i t e  used  (Table 5 . 5 . ) .
There was some ev idence  t h a t  t h e  i n h i b i t i o n  e x e r c i s e d  by 
n i t r i t e  was more e f f e c t i v e  a t  low er oxygen t e n s i o n s .  Tab le  5 .6 .  
shows th e  p e rc e n ta g e  i n h i b i t i o n  evoked by th e  same c o n c e n t r a t i o n  o f  
n i t r i t e  added a t  two d i f f e r e n t  oxygen t e n s i o n s .
In  th e s e  r e s p i r a t o r y  a c t i v i t y  ex p er im en ts  th e  r a t e  o f  
r e s p i r a t i o n  ( i . e .  u n in h i b i t e d )  was much low er th a n  t h a t  n o rm a l ly  r e p o r t e d  
f o r  m i to c h o n d r ia l  p r e p a r a t i o n s  from s k e l e t a l  m uscle ( V a l te r s  and T a y lo r ,  
1965). T h is  was p resum ably  because  th e  c o n c e n t r a t i o n  o f  added s u b s t r a t e  
was much low er i n  th e  p r e s e n t  s tu d y  where 0 .2  mM p y ru v a te  was employed.
The i n h i b i t i o n  e x e r t e d  by 60 mM n i t r i t e  was n o t  e a s i l y  overcome 
by a d d i t i o n  o f  excess  s u b s t r a t e  which c o n t r a s t e d  w ith  s i m i l a r  o b s e r v a t io n s  
u s in g  5 mM n i t r i t e .  I t  would th u s  appear  t h a t  n i t r i t e  i s  a
J
f a i r l y  weak i n h i b i t o r  o f  r e s p i r a t i o n  in  th e  m ito c h o n d r ia  b u t  i f  a h ig h
OF PIG  SKELETAL MUSCLE MITOCHONDRIA
N i t r i t e
C o n c e n t ra t io n
(mM)
Oxygen Consumption 
(nmol/mg p r o t e i n / h r )
. “ ----------
I n h i b i t i o n
(*)
B efo re  t r e a tm e n t | A f t e r  t r e a tm e n t  
!
5 407 I 332 18
15 291 199 32
30 474 274 42
60 491 100 80
2. mM am ytal 291 58 80
1 mM cyan ide 391 83 79
$
M ito ch o n d r ia  were in c u b a te d  a t  37°C in  A ld r id g e  and P a rk e r  ( i960) 
medium pH 6 .0  w i th  0 .2  mM p y ru v a te  a s  s u b s t r a t e .  The e f f e c t s  o f  low 
c o n c e n t r a t i o n s  o f  am ytal and cy an id e  on r e s p i r a t o r y  r a t e  a r e  a l s o  shown.
TABLE 5 .6 .  EFFECT OF 60 mM NITRITE ON RESPIRATORY RATE OF PIG SKELETAL 
MUSCLE MITOCHONDRIA AT WO OXIGEN TENSION VALUES
Oxygen Oxygen consumption I n h i b i t i o n
t e n s io n (nmol/mg p r o t e i n / h r ) w
(iimol/ml) B efo re  t r e a tm e n t A f t e r  t r e a tm e n t
0 .134 474 166 65
0.079 491 100
_  .  ........... ................ .
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Oxygen t e n s i o n  v a lu e  i s  t h a t  a,t which n i t r i t e  was added to  
th e  m i to c h o n d r ia l  su sp e n s io n .  In c u b a t io n  was a t  37°C in  A ld r id g e  and 
P a r k e r  (1960) medium pH 6 .0  w i th  0 .2  mM p y ru v a te  as  s u b s t r a t e .
enough c o n c e n t r a t i o n  i s  u sed  th e  n i t r i t e  w i l l  b in d  q u i t e  f i r m ly  t o  th e  
enzymes in v o lv e d .  I t  i s  s i g n i f i c a n t  t h a t  a s o l u t i o n  o f  NaCl (1% w/v) 
d id  n o t  cause  d e t e c t a b l e  i n h i b i t i o n  o f  r e s p i r a t i o n  whereas 60 mM 
n i t r i t e  (0 .4 1 ^  w/v) produced  SOfo i n h i b i t i o n .  O bviously  th e  i n h i b i t o r y  
e f f e c t  o f  n i t r i t e  was n o t  m ere ly  th e  r e s u l t  o f  a c o n c e n t r a t i o n  o r  
osm otic  e f f e c t  of an  in o r g a n ic  s a l t .
The r e s u l t s  o b ta in e d  in  t h i s  c h a p te r  p ro v id ed  th e  f i r s t  t r u e  
i n s i g h t  i n t o  th e  a c t i o n  o f  n i t r i t e  on th e  i s o l a t e d  m i to c h o n d r ia l  
s u sp e n s io n .
I t  has been s u c c e s s f u l l y  d em o n s tra ted  t h a t  b a c t e r i a  p la y  a 
s i g n i f i c a n t  p a r t  i n  th e  u t i l i s a t i o n  o f  n i t r i t e  in  th e  m i to c h o n d r ia l  
s u sp e n s io n s .  The ex p er im en ts  in v o lv in g  th e  c u l tu r e  of b a c t e r i a  i s o l a t e d  
from  m i to c h o n d r ia l  p r e p a r a t i o n s  showed t h a t  th e  m etabo lism  o f  0 .3  mM 
n i t r i t e  cou ld  be e n t i r e l y  a t t r i b u t e d  to  b a c t e r i a l  a c t i o n  and t h a t  
invo lvem ent o f  th e  m i to c h o n d r ia l  r e s p i r a t o r y  ch a in  in  t h i s  u t i l i s a t i o n  
was v e ry  s l i g h t .  ' The m i to c h o n d r ia l  su sp e n s io n s  were v e ry  h e a v i ly  la d e n  
w i th  b a c t e r i a  even a t  th e  s t a r t  o f  th e  in c u b a t io n  and th e  s u sp e n s io n  
would have p ro v id ed  a conducive  environm ent f o r  b a c t e r i a l  m u l t i p l i c a t i o n  
over th e  long  in c u b a t io n  p e r io d .  I t  i s  i n t e r e s t i n g  t h a t  b a c t e r i a  have 
been o f  s i m i l a r  "n u isan ce  v a lu e "  i n  r a t  l i v e r  m i to c h o n d r ia  where th e  
s tu d y  o f  amino a c i d  i n c o r p o r a t i o n  in t o  m i to c h o n d r ia l  p r o t e i n  was h in d e re d  
by b a c t e r i a l  c o n ta m in a t io n  i n  th e  m i to c h o n d r ia l  p r e p a r a t io n  (Roodyn and 
G rr iv e ll ,  1969). The b a c t e r i a l  c o n te n ts  r e p o r t e d  in  t h i s  p ap e r  were 
somewhat low er th a n  i n  th e  p r e s e n t  i n v e s t i g a t i o n ,  v a ry in g  from 1000 to  
50,000 p e r  ml. T h is  i s  an i n d i c a t i o n  o f  th e  added c o n ta m in a t io n  which 
r e s u l t s  when t i s s u e  i s  o b ta in e d  from a commercial s la u g h te r - h o u s e  
compared to  a r e l a t i v e l y  ge rm -free  an im al house! I t  i s  u n l i k e l y  t h a t  th e  
d i f f e r e n t  t i s s u e s  used  ( l i v e r  compared to  s k e l e t a l  m uscle) would have 
had much in f lu e n c e  on th e  b a c t e r i a l  p o p u la t io n  as  su ch .
The removal o f  n i t r i t e  by b a c t e r i a  would have n ega ted  any 
o x i d i s i n g  e f f e c t  on th e  r e s p i r a t o r y  c h a in  and th e  p re s e n c e  o f  am yta l (o r  
any b lo c k in g  a g e n t )  cou ld  have l i t t l e  d e t e c t a b l e  e f f e c t  on th e  r e d u c e d /  
o x id i s e d  sta/be of th e  su sp e n s io n  i f  th e  s o le  t e rm in a l  e l e c t r o n  a c c e p to r  
o r  o x id i s i n g  so u rce  was b e in g  removed.
C hlorom ycetin  and aureom ycin  were e f f e c t i v e  i n  h a l t i n g  b a c t e r i a l  
m u l t i p l i c a t i o n  in  th e  m i to c h o n d r ia l  p r e p a r a t io n .  C hlo rom ycetin  was 
chosen  f o r  use  i n  subsequen t m i to c h o n d r ia l  experim en ts  because  o f  i t s  
g r e a t e r  s o l u b i l i t y  and w ider  spec trum  of a c t i o n  (Baron, 1950).
In  th e  p re sen ce  o f  an a n t i b i o t i c ,  n i t r i t e  added to  th e  
s u sp e n s io n  a t  a c o n c e n t r a t i o n  o f  0 .03  mM was n o t  co m p le te ly  u t i l i s e d  and 
r e s i d u a l  n i t r i t e  cou ld  be d e t e c te d  a f t e r  18 h in c u b a t io n .  U sing  t h i s  low 
n i t r i t e  c o n c e n t r a t i o n ,  o x id a t io n  was observed  o n ly  i n  th o se  sam ples to  
w hich C hlorom ycetin  had been added and t h e r e f o r e  which s t i l l  c o n ta in e d  
n i t r i t e  a f t e r  18 h .  The " s t a b i l i s i n g "  e f f e c t  on th e  r e d u c e d /o x id i s e d  
e q u i l ib r iu m  t h a t  am ytal d i s p la y e d  i n  th e  Chlorom ycetin  t r e a t e d  su sp e n s io n  
was to  be ex p ec ted  from a r e s p i r a t o r y  ch a in  i n h i b i t o r  and v i n d i c a t e d  
th e  e f f e c t i v e n e s s  and p e r s i s t e n c e  o f  t h i s  su b s ta n c e  over th e  lo n g  
in c u b a t io n  p e r io d  in v o lv e d .
The s i t u a t i o n  w ith  0 .3  mM added n i t r i t e  was s i m i l a r  to  t h a t  
observed  w i th  one t e n t h  o f  t h i s  c o n c e n t r a t i o n  b u t  in  t h i s  c a se  th e  
p re se n c e  o f  Chlorom ycetin  low ered  th e  n i t r i t e  u t i l i s a t i o n  to  a t r a c e . .
I t  was c l e a r  t h a t  th e  m i to c h o n d r ia l  r e s p i r a t o r y  c h a in  cou ld  be o x id i s e d  
by a v e ry  low c o n c e n t r a t i o n  o f  n i t r i t e  and t h a t  the  amount of u t i l i s a t i o n  
by th e  m ito c h o n d r ia  was v e ry  s m a l l .  Indeed  some o f  th e  n i t r i t e  
u t i l i s a t i o n  which rem ained in  th e  p re se n c e  o f  C hlorom ycetin  may have 
been a t t r i b u t a b l e  to  s l i g h t  r e s i d u a l  b a c t e r i a l  a c t i v i t y  i n  t h e  s u sp e n s io n .
The r e s u l t s  o b ta in e d  in  th e  p re se n c e  o f  3 .0  mM n i t r i t e  were 
t h e r e f o r e  a l l  th e  more unusua l  because  n i t r i t e  l o s s  i n  th e  s u sp e n s io n s  
was i n s i g n i f i c a n t .  At t h i s  c o n c e n t r a t i o n  n i t r i t e  e x e r t s  a b a c t e r i o s t a t i c  
a c t i o n  p e r  se (Table  5 .1 .  p r e s e n t  i n v e s t i g a t i o n ;  Duncan and F o s t e r ,  1968) 
and i t  was q u i t e  c l e a r  t h a t  th e  use  o f  C hlorom ycetin  i n  t h i s  c o n t e x t  
was u n n e c e ss a ry .  The absence o f  o x id a t io n  u n le s s  am ytal was p r e s e n t  
i n d i c a t e d  an i n h i b i t o r y  e f f e c t  o f  n i t r i t e . F o r  a t  t h i s  c o n c e n t r a t i o n  
o f  3 mM o x id a t io n  shou ld  have o c c u r re d  s in c e  (a )  th e  a c t i o n  o f  b a c t e r i a  
was no lo n g e r  so im p o r ta n t  and (b) i t  i s  a h ig h e r  n i t r i t e  c o n c e n t r a t i o n
p a ram e te r  r e g a rd in g  cytochrome o x id a t io n  was now th e  i n h i b i t i o n  o f  
r e s p i r a t o r y  ch a in  r e d u c t io n  r a t h e r  th a n  p r e v e n t io n  of n i t r i t e  d e g ra d a t io n .  
The experim en ts  co n ce rn in g  th e  o x id a t iv e  e f f e c t s  of n i t r i t e  a t  c o n c e n t r a t i o n  
between 0 .3  and 10 .0  mM confirm ed  th e  e x i s t e n c e  o f  th e  s o - c a l l e d  " i n h i b i t o r y  
zone" o f  cytochrome o x id a t io n  by n i t r i t e  a t  1 -  3 mM. These r e s u l t s  a r e  
i n  agreem ent w i th  th e  n e g a t iv e  r e s u l t s  o b ta in e d  i n  C hap ter  4 u s in g  th e  
c u r in g  c o n c e n t r a t i o n  o f  n i t r i t e ,  and th e  s u sp e c te d  f a i l u r e  o f  th e  
r e s p i r a t o r y  c h a in  b lo c k  due to  an t im y c in  A. I f  th e  i n h i b i t i o n  e x e r te d  
by an t im y c in  A had p e r s i s t e d  th ro u g h o u t  th e  in c u b a t io n ,  p resum ably  
o x id a t io n  and n i t r o s y l f e r r i c y t o c h r o m e  c fo rm a t io n  would have o c c u r re d  
a f t e r  18 h in c u b a t io n  in  th e  p re se n c e  o f  3 mM added n i t r i t e .
The " re ap p ea ra n ce"  o f  o x id a t io n  by n i t r i t e  a t  c o n c e n t r a t i o n s  
above th e  i n h i b i t o r y  zone was th e  r e s u l t '  o f  a d i r e c t  (non-enzym ic) 
e f f e c t  on th e  i n d i v id u a l  cytochrom es o f  th e  r e s p i r a t o r y  c h a in  a s  opposed 
to  n i t r i t e  a c t i n g  as  a weak t e rm in a l  e l e c t r o n  a c c e p to r  i n  p la c e  o f  oxygen. 
T h is  change in  th e  mechanism o f  a c t i o n  o f  n i t r i t e  i s  p a r t i c u l a r l y  im p o r ta n t  
and was f u r t h e r  d em o n s tra ted  u s in g  cyan ide  a s  a cytochrome o x id a se  
i n h i b i t o r .  In  th e  p re se n c e  o f  n i t r i t e  a t  0 .3  mM c o n c e n t r a t i o n  (w ith  
C h lo ro m y ce tin ) ,  cyan ide  i n h i b i t e d  o x id a t io n  o f  th e  m i to c h o n d r ia l  s u sp e n s io n  
b u t  t h i s  i n h i b i t i o n  was n o t  observed  u s in g  a n i t r i t e  c o n c e n t r a t i o n  c f  
30 mM. I f  th e  o x id a t iv e  a c t i o n  o f  n i t r i t e  was non-enzym ic th r o u g h o u t ,  
th e n  i t  would be assumed t h a t  o x id a t io n  would occur a t  a l l  c o n c e n t r a t i o n s  
o f  n i t r i t e ,  assum ing an a n t i b i o t i c  was p r e s e n t  when low c o n c e n t r a t i o n s  
were u sed .  That t h i s  d id  n o t  occu r  i n d i c a t e d  t h a t  th e  mechanism o f  a c t i o n  
o f  n i t r i t e  a t  c o n c e n t r a t i o n s  below th e  i n h i b i t o r y  zone was an "enzymic" 
one and in v o lv ed  n i t r i t e  i n  a r o l e  as  a t e rm in a l  e l e c t r o n  a c c e p to r .
I t  has. a l r e a d y  been e x p la in e d  in  C hap te r  1 t h a t  th e  o x id a t io n  -  r e d u c t io n  
p o t e n t i a l  f o r  th e  change:
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i s  40 .99  V ( C h a r io t ,  B e z ie r  and C o u r to t ,  1958) and t h i s  system  i s  n o t  
p re c lu d e d  the rm odynam ica lly  from p ro v id in g  a re a d y  a c c e p to r  f o r
execxrons OX one respxru. uu.ry ciiu-xju uunnaxi^ uxxeu oeu uu warus y eu..
Prom th e s e  i n v e s t i g a t i o n s  t h e r e  emerged a f a s c i n a t i n g  scheme 
o f  o x id a t io n  o f  th e  a n a e ro b ic  m i to c h o n d r ia l  r e s p i r a t o r y  c h a in  by n i t r i t e .
At low c o n c e n t r a t i o n s  ( •O  mM) o x id a t io n  o f  th e  r e s p i r a t o r y  c h a in  
p roceeded  w i th  n i t r i t e  a c t i n g  in  an a n a e ro b ic  environm ent a s  a t e rm in a l  
e l e c t r o n  a c c e p to r .  At th e  1 -  3 mM re g io n  o f  c o n c e n t r a t i o n ,  o x id a t io n  
no lo n g e r  o c c u r re d  because  o f  an i n h i b i t o r y  a c t i o n  e x e r te d  on cytochrome 
a^ by n i t r i t e .  This was th e  r e s u l t  o f  fo rm a t io n  o f  th e  n i t r o s y l f e r r o c y to c h r o m e
a.  ^ complex which o ccu rred  so r e a d i l y  under a n a e ro b ic  c o n d i t io n s  (C hap te r  
4 . 3 . ) .  In  t h i s  way n i t r i t e  behaves i n  a s i m i l a r  manner to  th e  carbon  
monoxide l i g a n d  which i s  an e f f e c t i v e  i n h i b i t o r  o f  cytochrome o x id a se  
a c t i o n  v i a  complex fo rm a t io n  w ith  cytochrome a^ .  As th e  c o n c e n t r a t i o n  
o f  n i t r a t e  was a g a in  in c r e a s e d  i t  e x e r te d  a d i r e c t ,  non-enzym ic o x id a t iv e  
a c t i o n  on th e  i n d i v id u a l  cytochrom es o f  th e  r e s p i r a t o r y  c h a in .  P resum ably 
as  th e  c o n c e n t r a t i o n  i s  in c r e a s e d  above th e  i n h i b i t o r y  zone i n h i b i t i o n  
o f  cytochrome a..^  rem ains maximal.
II. shou ld  be s t r e s s e d  t h a t  th e  non-enzymic o x id a t iv e  e f f e c t  
o f  n i t r i t e  w i l l  occu r  a t  a l l  c o n c e n t r a t i o n s  b u t  does n o t  e x e r t  a s i g n i f i c a n t  
a c t i o n  u n t i l  a f a i r l y  h ig h  c o n c e n t r a t i o n  i s  reac h ed  ( ^ 1 0  mM) . Thus, 
t h i s  p ro p o s a l  e x p la in s  why a median c o n c e n t r a t i o n  o f  n i t r i t e  d i s p l a y s  
th e  maximum i n h i b i t o r y  e f f e c t  when th e  sum o f  th e  o x id a t io n  due ' to  (a) 
te rm in a l  e l e c t r o n  a c c e p to r  a c t i o n  v i a  cytochrome a^ and (b) d i r e c t  a c t i o n  
on th e  i n d i v id u a l  cytochrom es i s  a t  a minimum v a lu e .
The fo rm a t io n  of  n i t r o s y l f e r r i c y t o c h r o m e  c in  a  m i to c h o n d r ia l  
su sp e n s io n  under  a n a e ro b ic  c o n d i t io n s  w i th  v a ry in g  c o n c e n t r a t i o n s  o f  
n i t r i t e  seemed to occur a f t e r  o v e r a l l  o x id a t io n  o f  th e  s u sp e n s io n  had  
ta k e n  p la c e .  I t  i s  assumed t h a t  o x id a t io n  o f  th e  cytochrom es p ro c e e d s  
accompanied by th e  r e l e a s e  o f  th e  n i t r o s y l  r a d i c a l .  T h is  m o ie ty  i s  known 
to  combine w i th  o n ly  one o f  th e  o x id i s e d  m i to c h o n d r ia l  cy to ch ro m es ,  
namely cytochrome c, fo rm ing  th e  n i t r o s y l f e r r i c y t o c h r o m e  c complex.
When low c o n c e n t r a t i o n s  o f  n i t r i t e  were used th e  i n c l u s i o n  
o f  C hlorom ycetin  i n  th e  in c u b a t io n  medium was a p r e - r e q u i s i t e  f o r  
o x id a t io n  o f  th e  s u sp e n s io n  and n i t r o s y l f e r r i c y t o c h r o m e  c fo rm a t io n .
The e f f e c t  o f  Chlorom ycetin  i n  t h i s  r e s p e c t  i s  p u r e ly  as  an a n t i b a c t e r i a l
i t
a g e n t  and^would have l i t t l e  in f lu e n c e  on th e  r e s p i r a t o r y  c h a in  as  such .
I t  may be a rgued  o f  c o u rse ,  t h a t  C hlorom ycetin  i s  an i n h i b i t o r  o f  p r o t e i n  
s y n t h e s i s ,  and t h a t  th e  l a t t e r  i s  known to  occur in  m i to c h o n d r ia  
(Roodyn and V i l k i e ,  1968; Kodenbach, 1969). However, C hlo rom ycetin  was 
r e q u i r e d  in  p a r t i c u l a r  f o r  i t s  b a c t e r i o s t a t i c  a c t i o n  on an ae ro b es  p r e s e n t  
i n  th e  s u sp e n s io n  and i t  i s  v e ry  u n l i k e l y  t h a t  any i n h i b i t i o n  i t  may 
have e x e r t e d  on m i to c h o n d r ia l  p r o t e i n  s y n th e s i s  would have been  r e l e v a n t  
to  th e  s tu d y  of redox  changes in  th e  m i to c h o n d r ia l  r e s p i r a t o r y  c h a in .
The e f f e c t  o f  n i t r i t e  on a e ro b ic  m i to c h o n d r ia l  r e s p i r a t i o n  
f i t t e d  f a i r l y  n e a t l y  in to  th e  h y p o th e s i s  advanced above. I t  was obvious 
t h a t  n i t r i t e  a c te d  as  a weak i n h i b i t o r  o f  a e ro b ic  r e s p i r a t o r y  a c t i v i t y  
and t h a t  th e  i n h i b i t i o n  d is p la y e d  by t h i s  io n  was f a r  l e s s  th a n  t h a t  
due to  more c l a s s i c  in h ib i to rs  such as  cyan ide  and am y ta l .  The 
o b s e r v a t io n  t h a t  i n h i b i t i o n  te n d ed  to  be enhanced by a low oxygen 
t e n s i o n  ag ree d  w i th  th e  th e o ry  t h a t  i t  i s  fo rm a t io n  o f  th e  n i t r o s y l -  
fe r ro cy to ch ro m e  a^ complex t h a t  i s  th e  r e a s o n  f o r  t h e  i n h i b i t o r y  e f f e c t s  
o f  n i t r i t e  on th e  m i to c h o n d r ia l  su sp e n s io n .  This  complex i s  s t a b i l i s e d  
i n  r e d u c in g  c o n d i t io n s  and fo rm a t io n  would t h e r e f o r e  be e x p ec ted  to  be 
more e f f e c t i v e  a t  low oxygen c o n c e n t r a t i o n s ,  p a r t i c u l a r l y  i f  n i t r i t e  
i s  com peting f o r  th e  same s i t e  on th e  enzyme as  th e  n o rm a l" s u b s t r a t e " ,  
oxygen. The h ig h  c o n c e n t r a t i o n s  n e c e s s a ry  f o r  i n h i b i t i o n  o f  r e s p i r a t i o n  
were c o n s i s t e n t  w i th  t h i s  v iew  and em phasised th e  d i f f e r e n c e  i n  e f f e c t i v e n e  
of n i t r i t e  i n  an a e ro b ic  compared to  an a n a e ro b ic  env ironm en t.
i n  t h i s  c h a p te r  ¥as  th e  use  o f  sodium a z id e  (1 mM) as  an a l t e r n a t i v e  
cytochrome o x id a se  i n h i b i t o r  to  cyan ide . This  compound was d is c o v e re d  
to  be / in a p p ro p r ia te  f o r  u se  i n  th e  p r e s e n t  s tu d y  because  i t  removed 
n i t r i t e  from th e  m ito ch o n d r ia ]  su sp e n s io n s  and th e  c o n t r o l  ( b u f f e r )  
sam ples .  This  e f f e c t  has  a p p a r e n t ly  been known f o r  some tim e  and i s  
th e  r e s u l t  o f  a r e a c t i o n  between n i t r i t e  and a z id e  io n s  g iv in g  n i t r o g e n ,  
n i t r o u s  oxide  and w a te r :
. N H + HNG2 ------ —--------- > N2 + N O + H O
The in t e r m e d ia te  formed i s  n i t r o s y l  a z id e  (NO.N^) which 
decomposes to  n i t r o g e n  and n i t r o u s  o x id e .  As l i t t l e  as  0.1 mM n i t r i t e  
w i l l  r e a c t  w i th  a z id e  and th e  r e a c t i o n  p r o c e e d  a t  norm al te m p e ra tu re s  
(M e llo r ,  1967). I t  i s  s i g n i f i c a n t  t h a t  none o f  th e  p ro d u c ts  of t h i s  
r e a c t i o n  were d e l e t e r i o u s  to  th e  m i to c h o n d r ia l  su sp e n s io n s  and th e  on ly  
oubward s ig n  of t h i s  r e a c t i o n  was th e  d isa p p e a ra n c e  o f  n i t r i t e  from 
th e  c o n t r o l  sample.
At t h i s  j u n c tu r e  i t  was c l e a r  t h a t  a s tu d y  o f  th e  i n h i b i t o r y  
e f f e c t s  of n i t r i t e  shou ld  be c a r r i e d  o u t  i n  a e ro b ic  and a n a e ro b ic  
env ironm ents  u s in g  i s o l a t e d enzyme system s . In  t h i s  way i t  was hoped 
t h a t  a b e t t e r  u n d e r s ta n d in g  o f  th e  un u su a l  e f f e c t s  d i s p la y e d  by n i t r i t e  
would be r e a l i s e d ,  and t h a t  a q u a n t i t a t i v e  approach  to  tie  problem  would 
pe rh ap s  r e v e a l  i n t r i c a c i e s  o f  th e  system  n o t  im m edia te ly  d e t e c t a b l e  
u s in g  th e  i n t a c t  m i to c h o n d r ia l  p r e p a r a t io n .
C h a p te r  6 ,  E f f e c t s  o f  N i t r i t e  on I s o l a t e d  Enzyme S y s tem s
CHAPTER 6 . •
EFFECTS OF NITRITE ON ISOLATED ENZYME SYSTEMS
6 .1 .  I n t r o d u c t io n
I t  was d e c id ed  t h a t  i f  an  i s o l a t e d  enzyme system  were to  be u sed  
to  i n v e s t i g a t e  q u a n t i t a t i v e l y  th e  e f f e c t s  ob se rv ed  u s in g  th e  i n  v i t r o  
m i to c h o n d r ia l  p r e p a r a t i o n  i t  was im p o r ta n t  to  ensu re  t h a t  th e  i s o l a t e d  
enzyme system s chosen were an a c c u r a te  r e f l e c t i o n  o f  th e  i n  v i t r o  system*
I f  n o t ,  c o r r e l a t i o n  o f  r e s u l t s  o b ta in e d  i n  th e  two system s might prove 
d i f f i c u l t  o r  i n c o n c l u s i v e . • The d e p a r tu r e  from th e  i n  v i t r o  system  sho u ld  
be as  sm all  as p o s s i b l e  b u t  s t i l l  com patib le  w i th  th e  q u a n t i t a t i v e  a s p e c t  of 
th e  i n v e s t i g a t i o n .
In  th e  p re v io u s  c h a p te r  s u b s t a n t i a l  ev id en ce  was p r e s e n te d  f o r  
an i n h i b i t o r y  e f f e c t  o f  n i t r i t e  on cytochrome o x id a se  and a non-enzym ic 
o x id a t iv e  e f f e c t  on th e  i n d i v i d u a l  m i to c h o n d r ia l  cy tochrom es . I t  was 
d e c id e d ,  t h e r e f o r e ,  t o  use  th e  cytochrome ox idase -cy to ch ro m e  c enzyme
system  as d e p ic te d  below:
r> j  i v Cytochrome x OxygenReduced cytochrome c ----------------^  J n ^  xox id ase  ( i n  medium)
and to  measure th e  r a t e  of o x id a t io n  o f  reduced  cytochrome c under  v a r io u s
c o n d i t io n s .
Small q u a n t i t i e s  of s k e l e t a l  muscle m i to c h o n d r ia l  s u sp e n s io n  were 
used  i n  p r e f e r e n c e  to  a p u r i f i e d  cytochrome o x id a se  p r e p a r a t i o n  to  en su re  c lo s e  
adherence to  th e  i n  v i t r o  system . A lso , th e  i n i t i a l  c o n c e n t r a t i o n s  o f  red u ce d  
cytochrome c were w i th in  th e  range of th o se  i n  th e  m i to c h o n d r ia l  su sp e n s io n s  
p re p a re d  from s k e l e t a l  muscle (Table 3 .3 )  i . e .  3 .5  -  4 .5  l^M.
This  system  was i d e a l  f o r  a number o f  o th e r  r e a s o n s .  F i r s t l y ,  
th e  red u ced  cytochrome c would be s u b je c t  to  non-enzym ic o x id a t io n  by n i t r i t e  
and would e f f e c t i v e l y  mimic th e  i n v i t r o  sy stem . In  a d d i t i o n ,  o x id a t io n  o f  
cytochrome c was th e  main r a i s o n  d * e t r e  o f  th e  i n  v i t r o  e x p e r im e n ts .  F i n a l l y ,  
th e  sp e c tro p h o to m e t r ic  a s s a y  was s im ple  and th e  a c t i v i t y  m easured by t h i s  
method was d i r e c t l y  r e l a t e d  to  th e  f u n c t i o n  o f  cytochrome o x id a se  i t s e l f  
(P o n e ta n i ,  1963).
6 . 2 .  E xper im en ta l
Horse h e a r t  f e r ro cy to ch ro m e  c was p re p a re d  from a commercial p r e ­
p a r a t i o n  o f  th e  f e r r i c  form by a chem ica l r e d u c t io n  p ro c e s s  e s s e n t i a l l y  t h a t  
due to  Sm ith  (1957)• The c r y s t a l l i n e  p r e p a r a t io n  was d i s s o lv e d  in  A ld r idge  
and P a rk e r  ( i960) medium pH 6 .0  to  a c o n c e n t r a t i o n  o f  a p p ro x im a te ly  40 UM. 
Oxygen was removed from s o l u t i o n  by p a s s in g  a s t ream  of a rg o n  gas th ro u g h  th e  
sample f o r  5 -  10 min. The cytochrome was reduced  by b u b b l in g  hydrogen  gas 
th ro u g h  t h i s  s o l u t i o n  f o r  1 -  h i n  t h e  p re se n c e  of 0.1 -  0 .2  g of p a l l a d i s e d  
a s b e s to s  c a t a l y s t .  Hydrogen gas was th en  removed from th e  p r e p a r a t i o n  u s in g  
argon  as b e f o r e .  The s o l u t i o n  of cytochrome c was f i l t e r e d  tw ic e  to  remove 
a l l  t r a c e s  o f  th e  c a t a l y s t  and s to r e d  under  an i n e r t  a tm osphere  of a rgon  
u n t i l  r e q u i r e d .
R e a c t io n s  were i n i t i a t e d  by th e  a d d i t i o n  o f  m i to c h o n d r ia l  su sp e n s io n  
(2 Hi) a n d /o r  sodium n i t r i t e  (0 .3  -  1 0 .0  mM). O x id a t io n  o f  cytochrome c 
was fo l lo w e d  by m easuring  th e  d e c re a se  i n  e x t i n c t i o n  a t  550 nm i n  a Unicam 
SP800 s p e c tro p h o to m e te r  w i th  th e  s c a le  ex p an s io n  a c c e s s o ry ,  u s in g  f u l l y  
o x id i s e d  cytochrome c as  r e f e r e n c e .  The f i r s t  o rd e r  r a t e  c o n s t a n t ,  k., was 
c a l c u l a t e d  u s in g  a g r a p h ic a l  method from e q u a t io n  6 .1 .
. log  (a -  x) = - k t  + lo g  a Eqn. 6 .1 .
2.303
—1where k  = f i r s t  o rd e r  r a t e  c o n s ta n t  (sec  ) 
t  = tim e of r e a c t i o n  (sec)
a = i n i t i a l  c o n c e n t r a t i o n  o f  cytochrome c ( U M)
x = d e c re a se  i n  a a f t e r  tim e t
A p l o t  of log  (a  -  x) a g a i n s t  tim e gave a l i n e a r  g raph  w i th  g r a d i e n t  eq u a l  
i n i t i a l  v e l o c i t y  of o x id a t io n  was c a l c u l a t e d  as  t h e  p ro d u c t
2.303
of th e  f i r s t  o rd e r  r a t e  c o n s ta n t  and th e  i n i t i a l  fe r ro cy to ch ro m e  c concen­
t r a t i o n .  The l a t t e r  was m easured by an e x t r a p o l a t i o n  of t h e  r a t e  c o n s ta n t  
g raph  to  ze ro  tim e when th e  i n t e r c e p t  on th e  o r d in a t e  was lo g  a .  The i n i t i a .1  
v e l o c i t y  of o x id a t io n  (V^) was i n  u n i t s  of nM/sec b u t  was c o n v e r te d  t o  "pseudo
s te a d y  s t a t e "  v a lu e s  o f  p. moles cytochrome c o x id i s e d  p e r  mg p r o t e i n  p e r  h
(Vg) so t h a t  com parisons co u ld  be ma,de betw een d i f f e r e n t  m i to c h o n d r ia l
p r e p a r a t i o n s .
To compare th e  r e a c t i o n  v e l o c i t i e s  of samples o x id i s e d  by
m i to c h o n d r ia l  su sp e n s io n s  (+ n i t r i t e )  and th o s e  o x id i s e d  by n i t r i t e  a lone
( i . e .  no n -en zy m ica l ly )  i t  was n e c e s s a ry  to  use  the  i n i t i a l  v e l o c i t y  o f
o x id a t io n  v a lu e ,  V .,  because  th e  o x id a t io n  r a t e  due to  n i t r i t e  was n o t  7 1 J
dependen t on p r o t e i n  i . e .  enzyme c o n c e n t r a t i o n .
M ito c h o n d r ia l  su sp e n s io n s  were p re p a re d  as  d e s c r ib e d  i n  C hap ter  3 
and a n a e ro b ic  c o n d i t io n s  were ach iev ed  as d e s c r ib e d  i n  C hapter 2 .2 .
A l l  experim en ts  were conducted  a t  37°C i n  A ld r id g e  and P a rk e r  
(1960) medium pH 6 .0  c o n ta in in g  bovine samm album in (1 mg/ml) and C hlorom ycetin  
(0.1 m g/m l), u n l e s s  s t a t e d  o th e rw is e .
E f f e c t  of  n i t r i t e  c o n c e n t r a t i o n  on v e l o c i t y  o f  o x i d a t i o n  of  reduced
cytochrome c
The o x id a t io n  o f  fe r ro cy to ch ro m e  c rem ained  f i r s t  o rd e r  f o r
a p p ro x im a te ly  50?b o f  th e  r e a c t i o n  when c u rv a tu r e  r e s u l t e d  i n  th e  p l o t s
of  lo g  (a -  x) a g a i n s t  t im e .
The spon taneous  o x id a t io n  o f  fe r ro cy to ch ro m e  c under a e ro b ic  aid 
a n a e ro b ic  c o n d i t io n s  was v e ry  s m a l l ;  V^ was o n ly  2 .6  nM/sec and 1 .2  nM/sec 
r e s p e c t i v e l y .
The e f f e c t  of n i t r i t e  i n  th e  c o n c e n t r a t i o n  range  0 .3  -  1 0 .0  mM
on th e  o x id a t io n  o f  cytochrome c by m ito c h o n d r ia  under  a e ro b ic  c o n d i t io n s
i s  p r e s e n te d  i n  Table  6 .1 .  T h is  d e m o n s tra te s  an i n h i b i t o r y  zone o f  cytochrom e
a t  a c o n c e n t r a t i o n  o f  1 -  3 mM.
In  th e  absence of m ito c h o n d r ia  th e  v e l o c i t y  of o x id a t io n  o f  cytochrome 
c i s  p r o p o r t i o n a l  t o  th e  n i t r i t e  c o n c e n t r a t i o n  as would be ex p ec ted  from a 
non-enzymic r e a c t i o n  (F ig .  6 . 1 ) .
a problem a ro s e  r e g a rd in g  r e s i d u a l  oxygen i n  t h e  t e s t  s o l u t i o n .  The concen­
t r a t i o n  o f  oxygen in  a i r  s a t u r a t e d  s o l u t i o n s  o f  low io n i c  s t r e n g t h  i s
a c t in g  as  t e rm in a l  e l e c t r o n  a c c e p to r  to  th e  r e s p i r a t o r y  c h a in ,  f o u r  m o lecu le s  
o f  fe r ro cy to ch ro m e  c a r e  o x id i s e d  (Eqn. 6 . 2 ) .
Thus f o r  a cytochrome c c o n c e n t r a t i o n  of 4jiM  an oxygen c o n c e n t r a t i o n  of 
o n ly  1 (i M i s  r e q u i r e d  to  o x id i s e  th e  cytochrome c o m p le te ly . T h is  c o n c e n t r a t i o i  
i s  0.5/^ o f  th e  t o t a l  oxygen in  s o l u t i o n  under  a e ro b ic  c o n d i t i o n s .  I t  was 
ex tre m e ly  d i f f i c u l t  to  remove th e  l a s t  v e s t i g e s  of oxygen from  th e  cytochrome 
c s o l u t i o n  and i t  was t h e r e f o r e  more a c c u r a te  to  re g a rd  a n a e ro b ic  c o n d i t io n s  
as  " r e d u c in g " .  To t h i s  end, a h ig h  c o n c e n t r a t i o n  of s u c c in a te  (0 .5  mM) was
c o x id a t io n  betw een 0 .3  -  7 mM n i t r i t e  w i th  maximum i n h i b i t i o n  o c c u r r in g
When s i m i l a r  i n v e s t i g a t i o n s  were c a r r i e d  ou t under  a n a e ro b ic  c o n d i t io n s
a p p ro x im a te ly  200pM a t  37°C (C h ap p e ll ,  1964 ) .  For each m o lecu le  o f  oxygen
4 Cyt c Fe ,-)• Cytochrome y, Oxida"se >  4 Cyt c Fe*** + 2 ^ 0
E qn . 6 .2 .
OF REDUCED CYTOCHF* r*] py TT’Or< p DKDEIAe
conon, o f  
added n i t r i t e  
(m Vi)
Ps e11d o s t  e a.dv 
of cytochrome
s t a t e  v e l o c i t y  
c o x id a t io n ,
P e rc e n t  
i n h i b i t i o n
f-
It
(Pmol: c y t  c/mg p r o t e i n / b )
None 20 .3 ±  2 - 1 (4) -
0 .3 11 .9 ±  1 -9 (5) 41 P < 0 .05
1 .0 1 0 .0 ±  ° - 1 (5) 51 P < 0 .002
2 .0  / 8 .9 ±  ° ' 8 (3) 56 P < 0.01 1
3 .0 1 0 .4 ±  0 .7 (4) 49 P < 0.01
5 .0 12.1 ±  1 *"• (5) 40 P < 0 .0 1
7 .0 7 1 2 .7 ±  1 *4 (3) 37 *oj: < 0 . 0 5
1 0 .0
I
19 .5 ±  1 . ° (4) 4 ns
I n c u b a t io n s  were c a r r i e d  o u t  a e r o b i c a l l y  a t  37°C in  A ld r id g e  and P a rk e r  
( i960 )  medium pH 6 .0  w ith  added bov ine  serum album in (1 mg/ml) and 
C hlorom ycetin  (0.1 m g/m l) . I n i t i a l  c o n c e n t r a t i o n  of red u ce d  cytochrome c 
was 3 .5  -  4 .5  jlM and th e  amount of m i to c h o n d r ia l  su sp e n s io n  added t o  a l l
sam ples was 2 |xl (app rox .  12 jug of m i to c h o n d r ia l  p r o t e i n ) .  O x id a t io n  of
cytochrome c was fo l lo w e d  by th e  d e c re a se  in  e x t i n c t i o n  a t  550 nm u s in g
a f u l l y  o x id i s e d  cytochrome c sample as a r e f e r e n c e .
The r a t e s  of o x id a t io n  of cytochrome c a r e  mean v a lu e s  + 
s ta n d a r d  e r r o r  w i th  th e  num ber.o f  sam ples in  b r a c k e t s .  S tu d e n ts  t  t e s t  
was u sed  to  d e te rm in e  s i g n i f i c a n t  d i f f e r e n c e s  between th e  c o n t r o l  sample 
(no n i t r i t e )  and sam ples to  which n i . t r i t e  had been added ( s i g n i f i c a n c e  
i s  i n d i c a t e d  by p < 0 .0 5 ) .
TABLE 6 . 2 .  EFFECT OF N ITR ITE CONCENTRATION ON TIIE OXIQATION OF
REDUCED CYTOCHROME C BY MITOCHONDRIA UNDER REDUCING 
CONDITIONS
Concn of 
added n i t r i t e  
(mM)
Pseudo s te a d y  s t a t e  v e l o c i t y  
o f  cytochrome c o x id a t io n ,  
i y
s
[ (pmol c y t  c/mg p r o t e i n / l )
i
.........  'P e rc e n t
i n h i b i t i o n
................ j
!
I
None | 8 .4  + 0 .2  (3)
■
0 .3 9.1 + 2 .4  (4) 8* ns
1 .0 3 .7  ±  0 .5  (4) 56 p  < 0.001
2 .0 1 .3  + 0.1 (2) 85 p <  0.001
3 .0 3 .9  + 0 .4  (4) 53 p  < 0.001
5 .0 4 .0  + 0.1 (3) 52 p ^  0.001
7 .0 7.1 + 1 .4  (3) 14 ns
1 0 .0 8 .5  + 1 .3  (3) 1* ns
* s t i m u l a t i o n
In c u b a t io n s  were c a r r i e d  o u t  un d er  re d u c in g  c o n d i t io n s  (a rg o n  atm osphere  
w i th  0 .5  mM sodium s u c c in a te  added to  the  m i to c h o n d r ia l  su s p e n s io n  and 
to  th e  cytochrome c s o l u t i o n ) .  O ther e x p e r im e n ta l  d e t a i l s  a re  as  s t a t e d  
i n  Table  6 .1 .
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(A)
I n i t i a l  v e l o c i t y  
o f  o x id a t io n  o f  
cytochrome c
(nM/sec)
(B)
“ O
862 10
Concn. sodium n i t r i te '(n M )
Sodium n i t r i t e  was added to  a  s o l u t i o n  o f  reduced  cytochrome c (ap p ro x .  p,M) 
a t  37 C i n  A ld r id g e  and P a rk e r  ( i 960 ) medium.pH 6 .0  c o n ta in in g  C hlorom ycetin  
(0 .1  mg/ml) and bovine serum album in ( 1 .0  m g/m l). The o x id a t io n  o f  th e  
cytochrome was measured by fo l lo w in g  th e  e x t i n c t i o n  d e c re a se  a t  330 nm.
The g raph  d e p i c t s  th e  i n i t i a l  v e l o c i t y  o f  o x id a t io n  o f  cytochrome c under
(A) a e ro b ic  c o n d i t io n s  and (B) re d u c in g  c o n d i t io n s :  a n a e ro b ic  (a rg o n )  
a tm osphere  and exogenous sodium s u c c in a te  ( 0 .3  mM).
in c lu d e d  i n  th e  m i to c h o n d r ia l  s u sp e n s io n  and in  th e  cytochrome c s o l u t i o n  
i n  a l l  experim en ts  c a r r i e d  o u t  under a n a e ro b ic  c o n d i t io n s .
Under red u c in g  c o n d i t io n s  n i t r i t e  a g a in  e x e r te d  an i n h i b i t o r y  
zone e f f e c t  on cytochrome c o x id a t io n  (Table 6 .2 )  and p a r a l l e l s  t h e  r e s u l t s  
o b ta in e d  u s in g  a e ro b ic  c o n d i t i o n s .  As ex p ec ted  th e  r a t e  of non-enzym ic 
o x id a t io n  of cytochrome c by n i t r i t e  was p r o p o r t i o n a l  to  th e  c o n c e n t r a t i o n  
o f  added n i t r i t e  (F ig .  6 . 1 ) .
The v e l o c i t i e s  o f  o x id a t io n  o f  cytochrome c g iv en  i n  T ab le s  6 .1 .  
and 6 .2  must each r e p r e s e n t  a com bina tion  o f  two o x id a t iv e  e f f e c t s ,  namely, 
t h e  enzymic a c t i o n  o f  cytochrome o x id a se  and th e  non-enzym ic d i r e c t  a c t i o n  
o f  n i t r i t e  i t s e l f .  T h is  combined o x id a t io n  was t h e r e f o r e  c a l l e d  th e  " t o t a l "  
e f f e c t  as  opposed to  th e  non-enzymic e f f e c t  o f  n i t r i t e ,  w hich , i f  s u b t r a c t e d  
from th e  s o - c a l l e d  t o t a l  o x id a t io n  r a t e ,  sh o u ld  r e v e a l  th e  t r u e  enzymic o x id a ­
t i o n  of cytochrome c by cytochrome o x id a se  i n  th e  m i to c h o n d r ia l  p r e p a r a t i o n  
and th e  e f f e c t  o f  n i t r i t e  th e r e o n .  T ab les  6 .3  and 6 .4  show t h i s  "enzymic" 
e f f e c t  of n i t r i t e  and cytochrome o x idase  under a e ro b ic  and re d u c in g  c o n d i t i o n s .  
The enzymic o x id a t io n  r a t e s  show s i g n i f i c a n t  i n h i b i t i o n  a t  a l l  c o n c e n t r a t i o n s  
of n i t r i t e  u n l ik e  th e  v e l o c i t i e s  f o r  t o t a l  o x id a t io n  (T ab les  6.1 and 6 . 2 ) .
The r a t e s  a l s o  show a s l i g h t  in c r e a s e  w i th  n i t r i t e  c o n c e n t r a t i o n s  a t  10mM 
_■ under  a e ro b ic  c o n d i t io n s  and a t  7 .0  mM under re d u c in g  e n n d i t i o n s .
These v a l u e s ,  howeverj a re  n o t  s u b s t a n t i a l l y  d i f f e r e n t  from  t h e  minimum 
o x id a t io n  r a t e  i n  each case  and th e  use  of n i t r i t e  c o n c e n t r a t i o n s  of 20 and 
30 mM f a i l e d  to  r e v e a l  any l a r g e  i n c r e a s e  i n  th e  enzymic o x id a t io n  r a t e  of 
cytochrome c (Table  6 . 4 ) .
E f f e c t  of r e s p i r a t o r y  c h a in  i n h i b i t o r s  
( i )  P o tass iu m  cyanide
The c o n c e n t r a t i o n  o f  KCN u sed  as a cytochrome o x id a se  i n h i b i t o r  
had to  be c a r e f u l l y  a d j u s t e d  because  i t  was d is c o v e re d  t h a t  KCN co u ld  i n h i b i t  
th e  non-enzym ic o x id a t io n  o f  cytochrome c by n i t r i t e  (F ig .  6 . 2 ) .  However, a
TABLE 6 . 3 .  EFFECT OF NITRITE CONCENTRATION ON THE AEROBIC "ENZYMIC”
OXIDATION OF REDUCED CYTOCHROME C BY MITOCHONDRIAL SUSPENSION
Pseudo s te a d y  s t a t e  v e l o c i t y  
of  cytochrome c o x id a t io n ,
Concn of 
added n i t r i t e  
(mM)
P e rc e n t
i n h i b i t i o n
(|!mol c y t  c/mg p r o t e i n / h
None
p  <  0 . 0 2460 .3
p  <  0 . 0 0 2
2 .0
0.001
7 .0
0 .5  (4)0 .0
2 0 .0
30 .0
I n c u b a t io n s  were c a r r i e d  o u t  as  d e s c r ib e d  in  Table  6.1 . The non-enzym ic 
a e ro b ic  o x id i s i n g  a c t i o n  of n i t r i t e  (on cytochrome c) was s u b t r a c t e d  from 
th e  t o t a l  o x id a t io n  r a t e  (T ab le  6 .1 )  to  r e v e a l  th e  t r u e  enzymic o x id a t io n  
o f  cytochrome c by cytochrome o x id a se  (see  t e x t ) .
TABLE 6 . 4 EFFECT OF N ITR IT E CONCENTRATION ON THE "ENZYMIC" OXIDATION OF
REDUCED CYTOCHROME C BY MITOCHONDRIAL SUSPENSION UNDER
REDUCING- CONDITIONS
Concnt of 
added n i t r i t e  
(mM)
Pseudo s te a d y  s t a t e  v e l o c i t y  i P e rc e n t ,  * 
of cytochrome c o x id a t io n ,  I i n h i b i t i o n  
V
s 1 
(p. mol c y t  c/mg p r o t e i n / h )  |
None
0 .3
1 .0
2 .0
3 .0
5 .0
7 .0  
10 .0
7 .5  + 0 .2  (3) 
7 .8  + 2 .5  (4) 
1 .6  + 0 .9  (4) 
-0.8 + 0.1 (2) 
-0.5 + 0 .6  (4) 
-0.6 + 0.1 (3) 
0 .9  + 1 .5  (3) 
1 .4  + 1 .4  (3)
4*
79
111
107
108 
88 
81
ns
p  < 0 . 0 1  
p  < 0 . 0 0 1 
p <0.001 
p  < 0 . 0 0 1  
p  < 0 . 0 2  
p  < 0 . 0 2
s t im u la t io n
In c u b a t io n s  were c a r r i e d  o u t  as d e s c r ib e d  in  Table 6 .2 .  The non-enzymic 
o x id a t io n  r a t e  o f  n i t r i t e  (under red u c in g  c o n d i t io n s )  was s u b t r a c t e d  from 
th e  t o t a l  o x id a t io n  r a t e  (T ab le  6 .2 )  t o  r e v e a l  th e  t r u e  enzymic o x id a t io n  
o f  cytochrome c by cytochrome o x idase  (se e  t e x t ) .
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C BY MUSCLE MITOCHONDRIA AND SODIUM N IT R IT E .
I n i t i a l  v e l o c i t y  
o f  o x id a t io n  of 
cytochrome c 
(nM/sec)
28
24
20
16
12
8
4
0
10862 4
Concn. sodium n i t r i t e  (mM)
M ito c h o n d r ia l  s u sp e n s io n  (2 [fL) a n d u i i t r i te -w e re  added to  a s o l u t i o n  
o f  reduced  cytociirome c (approx.4 pM) a t  37 C in  A ld r id g e  and 
P a rk e r  ( i9 6 0 )  medium pH 6 .0  c o n ta in in g  C hlorom ycetin  (0 .1 mg/ml) 
and bovine  serum album in (1 .0  m g/ml). The o x id a t io n  o f  th e  cytochrom e 
was measured by fo l lo w in g  th e  e x t i n c t i o n  d e c re a se  a t  550 nm.
The g raph  d e p i c t s  th e  i n i t i a l  v e l o c i t y  o f  o x id a t io n  o f  cytochrome 
c i n  th e  p re sen ce  of KCN (30 jjiM) j u n d e r  a e r o b i c  c o n d i t i o n s #
c o n c e n t r a t i o n  o f  20 |*M KCN e f f e c t i v e l y  i n h i b i t e d  a e ro b ic  cytochrome o x id a se  
a c t i v i t y  i n  th e  m i to c h o n d r ia l  s u s p e n s io n .  The v e l o c i t y  of o x id a t io n  o f . 
cytochrome c in  th e  p re sen ce  of 20 |iM KCN was d i r e c t l y  p r o p o r t i o n a l  to  
th e  n i t r i t e  c o n c e n t r a t i o n  ( f i g .  6 .3 )  and th e re b y  mimicked th e  non-enzymic 
o x id a t io n  o f  cytochrome c by n i t r i t e .
( i i )  Sodium amytal
A d d i t io n  of sodium am ytal (2 mM) to  an a e ro b ic  in c u b a t io n  m ix tu re  
r e s u l t e d  i n  much h ig h e r  r a t e s  of o x id a t io n  of cytochrome c (Tab le  6 .5 )  th a n  
in  u n t r e a t e d  p r e p a r a t i o n s  (Table  6 . 1 ) .  An i n h i b i t o r y  zone o f  o x id a t io n  s t i l l  
e x i s t e d  ‘ . b u t  i t  was n o t  as w e l l - d e f in e d  as in  p re v io u s  e x p e r im e n ts ,  and
i t  i s  s i g n i f i c a n t  t h a t  th e  lo w es t  o x id a t io n  v e l o c i t y  i n  t h i s  experim en t was 
h ig h e r  th a n  th e  u n i n h i b i t e d  r a t e  i n  experim en ts  c a r r i e d  ou t i n  th e  absence o f  
am ytal (Table 6 . 1 ) .
Omission of Chloromycetin from medium
C hlorom ycetin  was in c lu d e d  i n  th e  in c u b a t io n  m ix tu re s  t o  rep roduce  
th e  e x p e r im e n ta l  c o n d i t io n s  o f  th e  i n  v i t r o  s t u d i e s  i n  C hap te r  5. The
om iss ion  of Chlorom ycetin  from th e  b u f f e r  would d ec id e  w h e th e r  i t  was
e x e r t i n g  any in f lu e n c e  on th e  r e s p i r a t o r y  a c t i v i t y  o f  th e  m i to c h o n d r ia l  
su sp e n s io n  in  g e n e ra l  and th e  i n h i b i t o r y  zone phenomenon i n  p a r t i c u la r .
The r a t e s  o f  cytochrome c o x id a t io n  under  a e ro b ic  and re d u c in g  
c o n d i t io n s  a r e  shown i n  Table 6 .6  and b o th  i n d i c a t e  an  i n h i b i t o r y  zone of 
o x id a t io n .  The non -enzymic o x id a t io n  o f  cytochrome c a t  h ig h  n i t r i t e  
c o n c e n t r a t i o n s  was n o t  as marked as i n  C hlorom ycetin  t r e a t e d  p r e p a r a t io n s  
b u t  was s u f f i c i e n t  to  show an in c r e a s e  i n  o x id a t io n  r a t e  above th e  i n h i b i t o r y  
zone.
E f f e c t  of pH on th e  i n h i b i t o r y  zone
When th e  pH o f th e  r e a c t i o n  m ix tu re  was' r a i s e d  to  7 .4  t h e r e  was no
ev idence  o f  an i n h i b i t o r y  zone of cytochrome c o x id a t io n  b u t  t h e  r a t e  of 
o x id a t io n  g r a d u a l ly  d e c re a se d  as  th e  n i t r i t e  c o n c e n t r a t i o n  was i n c r e a s e d .
The i n h i b i t i o n  of o x id a t io n  was s l i g h t l y  g r e a t e r  u nder  r e d u c in g  c o n d i t io n s  
(Tab le  6 . 7 ) .
TABLE 6 . 5 .  EFFECT OF AMYTAL ON THE AEROBIC OXIDATION OF REDUCED
CYTOCHROME C BY MITOCHONDRIAL SUSPENSION AND SODIUM
NITRITE
\---------------
i
| Concn0 o f  added 
1 n i t r i t e
I Pseudo s te a d y  s t a t e  v e l o c i t y  of P e r c e n t »
J cytochrome c o x id a t io n . i n h i b i t i o n
| (mM) Ys I
| J (pmol c y t  c/mg p r o t e i n / h ) !
i
None
I
I"
55.3
I1I
1i
0 .3 4 0 .0 28
1 .0 I 32 .7 41
2 .0 39.5 29
3 .0 33.1 40
5 .0 4 3 .7 21
7 .0 55.8 1*
10 .0 60 .2
i
9*
* s t i m u l a t i o n  
In c u b a t io n s  v e re c a r r i e d  ou t as d e s c r ib e d  in  Table  6.1 w i th  am yta l
(2 mM) added to  a l l  sam ples .
TABLE 6 . 6 . EFFECT OF N ITR ITE CONCENTRATION ON THE OXIDATION OF
REDUCED CYTOCHROME C BY MITOCHONDRIAL SUSPENSION UNDER 
AEROBIC AND REDUCING- CONDITIONS IN THE ABSENCE OF 
CHLOROMYCETIN
Pseudo s te a d y  s t a t e  v e l o c i t y  of 
cytochrome c o x id a t io n .
Concn, of 
added n i t r i t e  
(mM)
P e rc e n t
i n h i b i t i o n
( R. mol c y t  c/mg p r o t e i n / h )
Reducing C o n d it io n s Reducing Con- I 
d i t i o n s   _l
A erob ic A erob ic
30 .6 10 .7None
N il10 .70 .3
44
60
1 0 .7
62
627 .0
6 .0 440 .0
In c u b a t io n s  vTere  c a r r i e d  ou t a e r o b i c a l l y  as d e s c r ib e d  in  T ab le  6.1 and 
under re d u c in g  c o n d i t io n s  as  d e s c r ib e d  i n  Table  6;»2. C h lo rom yce tin  was 
o m it te d  from a l l  sam ples .
TABLE 6 . 7 . EFFECT OF pH 7 . 4  ON THE OXIDATION OF REDUCED CYTOCHROME C
BY NITRITE AND MITOCHONDRIA UNDER AEROBIC AND REDUCING
CONDITIONS
Concn. o f  
added n i t r i t e  
(mM)
Pseudo s te a d y  s t a t e  v e l o c i t y  
of cytochrome c o x id a t io n .
Vs
(jimol c y t  c/mg p r o t e i n / h )
P e rc e n t .
I n h i b i t i o n
I 1 i rA erobic  | Reducing C o n d it io n s  J A erob ic  IReducing c o n d i t io n s  fi s i f
j None 
j 0 .3  
I 1 .0 
2 .0
3 .0
5 .0  
1 0 .0  
2 0 .0  
30 .0
18.8  
22..5 
18 .8  
18.5
16 .9
18 .4  
15.1
13 .4
12 .9
25 .7  
25 .2
22.8
16 .6
15 .4
10 .8
10.3
2* j 
N i l  j
: „ |
I&
2 *
20 |
29 |
I
31 J
1
11
35
40
58
60
* s t i m u l a t i o n
In c u b a t io n s  were c a r r i e d  o u t  a e r o b i c a l l y  as  d e s c r ib e d  i n  T ab le  6.1 and 
u nder red u c in g  c o n d i t io n s  as  d e s c r ib e d  i n  Table 6 .2 .  The pH o f  a l l  samples 
was a d ju s t e d  to  7 .4 .
At t h i s  p o in t  a d d i t i o n a l  experim en ts  were conducted  on m i to c h o n d r ia l  
s u sp e n s io n s  in  v i t r o  to  d e te rm in e  th e  e f f e c t  o f  pH 7 .4  on th e  fo rm a t io n  of 
th e  n i t r o s y l f e r r o c y to c h r o m e  a^ complex. F ig  6 .4  shows t h a t  fo rm a t io n  of th e  
t y p i c a l  n i t r i t e - r e d u c e d  spectrum , w i th  developm ent of th e  n i t r o s y l f e r r o c y t o ­
chrome a^ peak  a t  428 nm, was . s low er . a t  pH 7 .4  th a n  a t  pH 6 .0 .  A lso ,  
in c u b a t io n  o f  an a n a e ro b ic  m i to c h o n d r ia l  su sp e n s io n  w i th  30 mM n i t r i t e  f o r  
18 h a t  37°C f a i l e d  to  show o x id a t io n  of th e  su sp e n s io n  i f  th e  i n c u b a t io n  
was c a r r i e d  o u t  a t  pH 7 . 4 .  In  p re v io u s  in  v i t r o  ex p er im en ts  a t  pH 6 .0 ,  a 
c o n c e n t r a t i o n  of 30 mil n i t r i t e  always ach iev ed  o x id a t io n  of an a n a e ro b ic  
m i to c h o n d r ia l  s u sp e n s io n  a f t e r  18 h in c u b a t io n .
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6 . 4 .  D i s c u s s i o n
The p r e p a r a t i o n  of red u ced  cytochrome c used  in  t h i s  i n v e s t i g a t i o n  
was s t a b l e  t o  spon taneous  o x id a t io n  u n l ik e  s i m i l a r  reduced  sam ples p re p a re d  
u s in g  d i t h i o n i t e  o r  b o ro h y d r id e .  Because i t  d id  n o t  in v o lv e  th e  u se  of 
m i to c h o n d r ia l  enzymes i t  cou ld  be c o n v e n ie n t ly  u sed  f o r  s t u d i e s  of th e  non- 
enzymic o x id a t io n  o f  cytochrome c by n i t r i t e .
The most im p o r ta n t  f in d i n g  of t h i s  c h a p te r  was th e  e x a c t  c o n f i rm a t io n  
o f  th e  in  v i t r o  s t u d i e s  by th e  " i s o l a t e d ” enzyme system . Under a e ro b ic  and 
re d u c in g  (ana,erobic) c o n d i t io n s  a w e l l - d e f in e d  i n h i b i t o r y  zone of cytochrome 
c o x id a t io n  e x i s t e d  i n  t h e  p re sen ce  o f  n i t r i t e ,  w i th  a maximum i n h i b i t o r y  
e f f e c t  a t  a c o n c e n t r a t i o n  of 1 -  3 ini'! n i t r i t e .  , The maximum p e rc e n ta g e  
i n h i b i t i o n  was g r e a t e r  under re d u c in g  c o n d i t io n s  when compared to  a f u l l y  
a e ro b ic  env ironm ent.  This  i s  e x p la in e d  by th e  p rem ise  t h a t  i n h i b i t i o n  by 
n i t r i t e  i s  a f u n c t i o n  o f  fo rm a t io n  o f  a complex between th e  n i t r o s y l  r a d i c a l
and reduced  cytochrome a : n i t r o s y l f e r r o c y to c h r o m e  a _ .3 3
The r a t e  of non-enzymic o x id a t io n  o f  cytochrome c by n i t r i t e  was 
p r o p o r t i o n a l  to  th e  c o n c e n t r a t i o n  of added n i t r i t e  a s  would be e x p e c te d  i n  a 
p u r e ly  chem ical r e a c t i o n .  The s o - c a l l e d  enzymic o x id a t io n  of cytochrome c by 
m i to c h o n d r ia l  suspension^w hich  sho u ld  r e p r e s e n t  o n ly  th e  i n h i b i t o r y  e f f e c t  of 
n i t r i t e  on cytochrome oxidase., showed in c r e a s e d  i n h i b i t i o n  in  p r o p o r t i o n  to  th e  
n i t r i t e  c o n c e n t r a t i o n .  The s l i g h t  in c r e a s e  i n  o x id a t io n  r a t e  as  t h e  n i t r i t e  
c o n c e n t r a t i o n  was in c r e a s e d  above th e  i n h i b i t o r y  zone c o n c e n t r a t i o n s  was n o t  
f u l l y  u n d e rs to o d  and may n o t  be s i g n i f i c a n t .  The a c c u r a te  d e t e r m in a t io n  o f  
o x id a t io n  r a t e s  was more d i f f i c u l t  t o  a c h iev e  a s  th e  v e l o c i t i e s  in c r e a s e d  
and th e  e x p e r im e n ta l  e r r o r s  in v o lv e d  in  t h e i r  d e te r m in a t io n  were m a g n if ie d :  
in  p a r t i c u l a r  th e  tim e o f  re sp o n se  of th e  sp e c tro p h o to m e te r  and th e  d e l a y  
in  mixing th e  r e a c t i o n  c o n s t i t u e n t s .  The m a g n i f i c a t io n  o f  e x p e r im e n ta l  
e r r o r s  was p a r t i c u l a r l y  n o t i c e a b l e  a t  n i t r i t e  c o n c e n t r a t i o n s  above 10 mM 
b u t  even h e re  no v a s t  in c r e a s e  i n  th e  enzymic o x id a t io n  r a t e  o f  cytochrom e c 
was o b se rv ed .  There may be some in c r e a s e d  o x id a t io n  i f  n i t r i t e  a c t s  as  a
t e r m in a l  e l e c t r o n  a c c e p to r  ( i n  p la c e  of o xygen ) , when p r e s e n t  a t  a 
s u f f i c i e n t l y  h ig h  c o n c e n t r a t i o n .  I t  i s ,  hovever d i f f i c u l t  t o  r e c o n c i l e  
t h i s  view w ith  th e  l a rg e  d eg ree  o f  i n h i b i t i o n  t h a t  must be e x e r t e d  by 
h ig h  c o n c e n t r a t io n s  o f  n i t r i t e .  The o x id a t iv e  e f f e c t  r e s u l t i n g  from 
t h i s  a c t i o n  must have been v e r y  s m a l l .
The n e g a t iv e  v a lu e s  f o r  th e  o x id a t io n  r a t e  o f  cytochrome c a t  
c e r t a i n  c o n c e n t r a t i o n s  of n i t r i t e  under  re d u c in g  c o n d i t io n s  (Table 6 .4 )  
may have been th e  r e s u l t  o f  e x p e r im e n ta l  e r r o r .  However an a l t e r n a t i v e  
e x p la n a t io n  i s  t h a t  n i t r i t e  may have been  s t r o n g ly  bound to  t h e  cytochrome 
ox id a se  enzyme under  re d u c in g  c o n d i t io n s  f a v o u ra b le  t o  s t a b i l i s a t i o n  of th e  
n i t r o s y l f e r r o c y to c h r o m e  a^ complex. This  may have been  s u f f i c i e n t  to  low er 
th e  non-enzymic r a t e  o f  o x id a t io n  s l i g h t l y  i n  th e  sample and when th e  non- 
enzymic o x id a t io n  r a t e ,  as  measured u s in g  n i t r i t e  a l o n e , was s u b t r a c t e d  from 
th e  " t o t a l "  o x id a t io n  r a t e  (measured i n  th e  p re se n c e  o f  m i to c h o n d r ia l  s u s ­
p ens ion )  ’ th e  r e s u l t  was a sm all  n e g a t iv e  v a lu e .  I t  i s  s i g n i f i c a n t  t h a t  t h i s  
d id  n o t  occur under a e ro b ic  c o n d i t io n s  where fo rm a t io n  of th e  n i t r i t e - J - c y to -  
chrome a^ complex would have been l e s s  co m ple te .
The e f f e c t  of KCN a l s o  confirm ed  th e  observed  e f f e c t s  i n  v i t r o  i n  
i n h i b i t i n g  th e  enzymic o x id a t io n  of cytochrome c by cytochrome o x id a se ,  
and o n ly  th e  non-enzymic o x id a t io n  by n i t r i t e  was r e v e a le d  i n  t h i s  experim en t 
The valuc-s o f  o x id a t io n  r a t e s  o b ta in e d  ( i )  u s in g  KCN (20 {iM) and m i to c h o n d r ia  
s u sp e n s io n  and ( i i )  u s in g  o n ly  n i t r i t e  a e r o b i c a l l y  a r e  a lm o s t i d e n t i c a l  
(F ig s  6 . 1 . ,  6 .3 ‘J .  Vhen am ytal was used  un d er  th e  same c o n d i t io n s  th e  
i n h i b i t o r y  zone of cytochrome c o x id a t io n ,  a l th o u g h  l e s s  obv ious  th a n  i n  
u n t r e a t e d  p r e p a r a t io n s ,  was s t i l l  p r e s e n t  a t  th e  1 -  3 mM r e g io n  o f  n i t r i t e  
c o n c e n t r a t i o n .  The d i s p a r i t y  betw een th e  e f f e c t s  o f  KCN and am y ta l showed 
t h a t  th e  i n h i b i t o r y  zone phenomenon n e c e s s a r i l y  in v o lv e d  cytochrome o x id a se  
i n  th e  m i to c h o n d r ia l  s u sp e n s io n  as was p roposed  in  C hap te r  6 .4 .  The 
i n h i b i t o r y  a c t i o n  e x e r t e d  by am ytal on th e  s u b s t r a t e  end of th e  r e s p i r a t o r y  
c h a in  (F ig .  5 .1 )  would have r e s u l t e d  in  h ig h e r  o x id a t io n  r a t e s  i n  th e  s u s ­
p e n s io n  and l e s s  s t a b i l i s a t i o n  o f  th e  n i t r o s y l f e r r o c y to c h r o m e  a^ com plex
b u t  would n o t  have a f f e c t e d  th e  i n h i b i t o r y  zone o f  o x id a t io n  because  
i t  d id  n o t  in f lu e n c e  cytochrome ox id ase  a c t i v i t y  d i r e c t l y .
The experim en ts  c a r r i e d  o u t  a t  pH 7 .4  were p a r t i c u l a r l y  
i n t e r e s t i n g .  In c u b a t io n s  of m i to c h o n d r ia l  su sp e n s io n s  w i th  n i t r i t e  
a t  pH 7 .4  f a i l e d  to  show non-enzymic o x id a t io n  and t h i s  o b s e r v a t io n  was 
confirm ed  by th e  i s o l a t e d  enzyme s t u d i e s .  The o x id a t io n  v e l o c i t y  of 
cytochrome c d id  n o t  in c r e a s e  as th e  n i t r i t e  c o n c e n t r a t i o n  was r a i s e d  
to  10, 20 and 30 mM. F o rm ation  o f  n i t r o s y l f e r r o c y to c h r o m e  a^ to o k  p la c e ,  
however, and i n h i b i t i o n  o f  cytochrome c o x id a t io n  o c c u r re d  a t  high, con­
c e n t r a t i o n s  of n i t r i t e .  The i n  v i t r o  experim en ts  showed t h a t  fo rm a t io n  
o f  th e  n i t r o s y l f e r r o c y to c h r o m e  a^ complex i n  th e  m i to c h o n d r ia l  su sp e n s io n  
in  th e  p re se n c e  o f  n i t r i t e  d id  n o t  occur a s  r e a d i l y  a t  pH 7 .4  compared to  
pH 6 ,0 .  Thus, a l th o u g h  i n h i b i t i o n  o f  cytochrome c o x id a t io n  was t h e  on ly  
e f f e c t  observed  as th e  n i t r i t e  c o n c e n t r a t i o n  was in c r e a s e d ,  i t  became 
n o t i c e a b l e  on ly  a t  h ig h  n i t r i t e  c o n c e n t r a t i o n s .  T h is  i n h i b i t i o n  was 
g r e a t e r  under red u c in g  c o n d i t io n s  and in  t h i s  r e s p e c t  c o r r e l a t e d  w i th  
th e  r e s u l t s  o b ta in e d  a t  pH 6 .0 .
The mechanism of a c t i o n  o f  n i t r i t e  in v o lv in g  an i n h i b i t o r y  
e f f e c t  on cytochrome o x id a se  (enhanced under  re d u c in g  c o n d i t i o n s ) , and 
a non-enzym ic o x id i s in g  a c t i o n  on th e  in d i v id u a l  cytochrom es was f i r s t  
mooted in  C hap ter  5 .4 .  The r e s u l t s  o u t l i n e d  in  t h i s  c h a p te r  con firm ed  
and expanded th e  p re v io u s  r e s u l t s  and on th e  b a s i s  of d a t a  o b ta in e d  in  
th e s e  two c h a p te r s  i t  i s  p roposed  t h a t  f o u r  r e a c t i o n s  a re  in v o lv e d  in  
th e  u n u su a l  e f f e c t s  of n i t r i t e  on th e  r e s p i r a t o r y  c h a in  ( F ig .  6 .  5 ).
In  th e  com plete  absence o f  n i t r i t e  th e  r e s p i r a t o r y  c h a in  r e a c t i o n  
in  which fe r ro cy to ch ro m e  c i s  o x id i s e d  by m o lecu la r  oxygen v i a  cytochrome 
ox id ase  p ro ceed s  as normal ( r e a c t i o n  1 ) .  N i t r i t e  can o x id i s e  red u ce d  
cytochrome c by non-enzymic a c t i o n  ( r e a c t i o n  4) b u t  a t  low l e v e l s  o f  
n i t r i t e  (<!^3 mM) th e  o x id a t io n  r a t e  i s  v e r y  sm a l l .  At low c o n c e n t r a t i o n s
(1)
(2)
(3)
(4) 
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6. 5  POSTULATED SCHEME OF ACTION OF NITRITE ON THE RESPIRATORY CHAIN
/NO? d e p i c t s  n i t r o s y l  m o ie ty  
11Cytochrome = reduced  cytochrome ( f e r r o )
t i lCytochrome = o x id i s e d  cytochrome ( f e r r i )
n i t r i t e  d o es ,  however, combine w ith  fe r ro cy to ch ro m e  and forms th e
n i t r o s y l f e r r o c y to c h r o m e  complex ( r e a c t io n  2) which i n h i b i t s  cytochrome 
o x id a se  a c t i o n .  The complex w ith  cytochrome a^ i s  in  th e  red u ced  form and 
th e  observed  i n h i b i t i o n  i s  t h e r e f o r e  g r e a t e r  under re d u c in g  o r  an ae ro b ic  
c o n d i t i o n s .  T h e re fo re  n i t r i t e  c o n c e n t r a t i o n s  between 1 and 3 mM produce 
minimal o x id a t io n  o f  th e  r e s p i r a t o r y  c h a in  as  a r e s u l t  o f  t h i s  i n h i b i t o r y  
a c t i o n .  F u r th e r  in c r e a s e  i n  th e  c o n c e n t r a t i o n  of n i t r i t e  s i g n i f i c a n t l y  
in c r e a s e s  th e  r a t e  of o x id a t io n  by non-enzymic a c t i o n  ( r e a c t i o n  4) acc o u n tin g  
f o r  th e  in c r e a s e d  r a t e s  of cytochrome c o x id a t io n  a t  n i t r i t e  c o n c e n t r a t i o n s  
above 3 mMc
N i t r i t e  a c t i n g  as  a t e rm in a l  e l e c t r o n  a c c e p to r  t o  th e  r e s p i r a t o r y  
c h a in  ( r e a c t i o n  3) was im p o r ta n t  i n  th e  i n  ^ i t r o  experim en ts  where o x id a t io n  
o f  t h e  m i to c h o n d r ia l  su sp e n s io n  w i th  n i t r i t e  c o n c e n t r a t i o n s  of 0 .3  and 0 .03  
mM must have o c c u r re d  as  a r e s u l t  of t h i s  r e a c t i o n  over th e  ex tended  in c u b a t io n  
p e r io d s  u se d .  In  th e  p r e s e n t  experim en ts  i t  i s  n o t  as im p o r ta n t  because  a 
c e r t a i n  amount o f  r e s i d u a l  oxygen was p r e s e n t  i n  th e  a n a e ro b ic  p r e p a r a t io n s  
and t h i s  would have f lo o d e d  any t e rm in a l  e l e c t r o n  a c c e p to r  a c t i o n  by n i t r i t e .
I t  i s  i n t e r e s t i n g  t h a t  th e  " t o t a l "  o x id a t io n  r a t e  of cytochrome c 
m entioned  e a r l i e r  i n  t h i s  c h a p te r  was r e p r e s e n t e d  by r e a c t i o n s  1 and 4 and 
t h a t  th e  t r u e  enzymic o x id a t io n  o f  cytochrome c ( r e a c t i o n  1) co u ld  n o t  be 
m easured d i r e c t l y  as  such b u t  co u ld  be computed by s u b t r a c t i n g  th e  non- 
enzymic a c t i o n  ( r e a c t i o n  4) from th e  " t o t a l "  r a t e .
On a more g e n e ra l  b a s i s  Smith and Conrad (1956, 1961) found t h a t  
th e  o x id a t io n  o f  red u ced  cytochrome c by cytochrome ox id ase  m easured by a 
s p e c t ro p h o to m e t r ic  method rem ained  f i r s t  o rd e r  w ith  r e s p e c t  to  th e  con­
c e n t r a t i o n  of  reduced  cytochrome c w i th  c o n c e n t r a t i o n s  as h ig h  as 0 .1 3  mM 
which c l e a r l y  covered  th e  range u sed  i n  th e  p r e s e n t  i n v e s t i g a t i o n .
C h a p te r  7 °
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CHAPTER 7
7ol« I n t r o d u c t io n
In  th e  i n t r o d u c t i o n  i n  C hapter 1 .1 .  much emphasis was p la c e d  on 
th e  dangers  which cou ld  r e s u l t  from th e  fo rm a t io n  of n i t r o s a m in e s  in  
foods and in  v iv o . The a c t i o n  of n i t r i t e  on th e  m i to c h o n d r ia l  
r e s p i r a t o r y  ch a in  in  g e n e ra l  and th e  cytochromes in  p a r t i c u l a r  has 
been  e x t e n s i v e ly  s tu d ie d  in  th e  p re y io u s  c h a p te r s  b u t  th e  invo lvem ent 
o f  n i t r o s a m in e s  on th e  m i to c h o n d r ia l  system  has  y e t  to  be i n v e s t i g a t e d .
The experim en ts  i n  t h i s  c h a p te r  c o n s t i t u t e  a b r i e f  i n v e s t i g a t i o n  
o f  th e  fo rm a t io n  and breakdown o f  n i t r o s a m in e s  in  th e  m i to c h o n d r ia l  
s u sp e n s io n .
U nequivocal d e t e c t i o n  o f  n i t r o s a m in e s  i s  v e ry  d i f f i c u l t  b ecause  
as  th e y  n e i t h e r  f lu o r e s c e  n o r  have w e l l—d e f in e d  a b s o r p t io n  s p e c t r a ,  
th e  s e n s i t i v e  te c h n iq u e s  o f  a b s o r p t io n  o r  f lu o r s c e n c e  s p e c t ro s c o p y  cannot 
be a p p l i e d .  Most N—n it ro s a m in e s  do, however, p o sse ss  c h a r a c t e r i s t i c  
p o la ro g ra p h ic  h a lf-w av e  p o t e n t i a l s ^  w hich , u n l ik e  most o th e r  
p o l a r o g r a p h i c a l l y  a c t i v e  n i t ro g e n o u s  compounds a re  reduced  a t  th e  
d ro p p ing -m ercu ry  e l e c t r o d e  o n ly  i n  a c id  c o n d i t i o n s .  T h is  p ro v id e d  a 
read y  means o f  i d e n t i f i c a t i o n  o f  n i t r o s a m in e s  by d e r i v a t i v e  p o la ro g ra p l iy  
in  a c id  th e n  a l k a l i n e  s o l u t i o n .
7 . 2 .  E x p e r i m e n t a l .
I n c u b a t i o n  of  m i t o c h o n d r i a l  sam p le s .
M ito c h o n d r ia l  su sp e n s io n s  were p re p a re d  as d e s c r ib e d  in  
C hapter  3. I n c u b a t io n s ,  u s in g  6 ml o f  m i to c h o n d r ia l  su sp e n s io n  
were c a r r i e d  ou t i n  phospha te  b u f f e r  (0 o2 M) pH 6 .0  a t  37°C f o r  1 
o r  18 h un d er  a e ro b ic  o r  a n a e ro b ic  c o n d i t io n s  (argon a tm o sp h e re ) .  
A naerobic  in c u b a t io n s  c o n ta in e d  exogenous sodium s u c c in a te  (0 .1  mM )„
S e p a r a t io n  o f  v o l a t i l e  n i t r o s a m in e s .
Seme N -n i tro sa m in e s  a r e  steam v o l a t i l e  and can be d i s t i l l e d  
from s o l u t i o n ,  f o r  example th e  m i to c h o n d r ia l  s u sp e n s io n .  A f t e r  
i n c u b a t io n  th e  sample was a d ju s t e d  to  pH 12 o r  above by th e  a d d i t i o n  o f  
NaOH s o l u t i o n  (3i° \ r / v ) 0 This  p re v e n te d  d i s t i l l a t i o n  o f  n i t r i t e  which 
would have con tam ina ted  th e  p o la ro g ra p h ic  r e c o rd  of th e  n i t r o s a m in e .  
C o n s id e ra b le  d i f f i c u l t i e s  were en co u n te red  in  th e  d i s t i l l a t i o n  
p ro c e s s  because  p o la r o g r a p b ic a l ly  a c t i v e  compounds p r e s e n t  in  th e  
complex m ix tu re  of th e  s u sp e n s io n  d i s t i l l e d  over and s e r i o u s l y  
d i s t o r t e d  th e  p o la ro g ra p h ic  a n a l y s i s  o f  th e  d i s t i l l a t e s .  However, 
t h e s e  d i f f i c u l t i e s  were e v e n t u a l l y  overcome by use  o f  a low p r e s s u r e  
d i s t i l l a t i o n  te c h n iq u e .
A f te r  th e  pH had been r a i s e d  th e  sample was d i l u t e d  to  tw ic e  i t s  
o r i g i n a l  volume w ith  d i s t i l l e d  w a te r  and th e n  d i s t i l l e d  under  
reduced  p r e s s u r e  (u s in g  a f i n e  a i r —b le e d )  to  h a l f —volume i . e .  to  th e  
o r i g i n a l  volume of th e  s u s p e n s io n .
Use o f  low p r e s s u r e  en ab led  a s a t i s f a c t o r y  d i s t i l l a t i o n  to  be 
c a r r i e d  o u t  a t  low te m p e ra tu re s  (35 — 40°C ). This  reduced  th e  b re a k ­
down of th e  complex o rg a n ic  m o lecu les  ( e s p e c i a l l y  p r o t e i n s )  p r e s e n t  i n  
th e  su sp e n s io n  and hence th e  d i s t i l l a t i o n  o f  breakdown p ro d u c ts  l i k e l y  
to  i n t e r f e r e  w i th  th e  p o la ro g ra p h ic  a s s a y .
Sep a r a t i o n  o f  N o n - v o la t i l e  N i t ro s a m in e s .
Non—v o l a t i l e  n i t r o s a m in e s  cannot be steam d i s t i l l e d  b u t  must 
be s e p a r a t e d  by a d s o r p t io n  on to  a c t i v a t e d  carbon  and su b seq u en t 
d e s o r p t io n  w ith  b o i l i n g  m ethanol ( V a l t e r s ,  Johnson and Ray, 197C).
At t b °  end ofr th e  in c u b a t io n  0 .5  g o f  a c t i v a t e d  carbon  was 
added to  th e  s u s p e n s io n ,  which was th e n  shaken f o r  90 m in u te s .
The carbon was washed w e l l  w i th  d i s t i l l e d  w a te r  to  remove any con­
ta m in a t in g  compounds and r e f lu x e d  in  b o i l i n g  m ethanol (8 m l . )  f o r  
90 m inuteso The m ethanol was f i l t e r e d  and 6 ml was r e t a i n e d  f o r  
a n a l y s i s .
D uring a l l  i n c u b a t io n s  and a l l  e x t r a c t i o n  p ro ced u re s  f o r  
n i t r o s a m in e s  th e  samples were p r o t e c t e d  from l i g h t  as much as 
p o s s i b le  as  n i t r o s a m in e s  a r e  k n o w  to  be u n s ta b l e  in  th e  p re se n c e  
o f  u l t r a - v i o l e t  l i g h t .
P o la ro g ra p h ic  a n a l y s i s .
P o la ro g ra p h ic  a n a ly se s  were made u s in g  a d i f f e r e n t i a l  ca thode  
r a y  p o la ro g ra p h  (S o u th e rn  A n a ly t i c a l  L td .  Type A1660). The wave 
h e ig h t s  f o r  each sample were observed  on th e  g r i d  superim posed  on 
th e  ca thode  r a y  tu b e  and c o n v e r te d  to  a wave p ro d u c t  u s in g  th e  p r e ­
d e te rm in ed  a m p l i f i c a t i o n  f a c t o r .  The amount o f  n i t r o s a m in e  p r e s e n t  
was e s t im a te d  by com parison o f  th e  p o la ro g ra p h ic  p ro d u c t  to  t h a t  of 
an a u t h e n t i c  sample o f  th e  same n i t r o s a m in e .
P o la ro g ra p h ic  d e te rm in a t io n s  were made f i r s t  in  a c id  s o l u t i o n  
(0.2N h y d ro c h lo r i c  a c id )  and th e n  a t  pH 8 . The pH was in c r e a s e d  by 
th e  a d d i t i o n  o f  sodium t e t r a b o r a t e  ( s o l i d )  to  th e  s o l u t i o n  under t e s t .  
P r o t e i n  C o n c e n t ra t io n  o f  M ito c h o n d r ia l  S u s p e n s io n s .
T his  was de te rm in ed  u s in g  th e  Robinson and Hogben (1940) b i u r e t  
method as m o d if ied  by A ld r id g e  (1957),  d e s c r ib e d  in  C hap te r  3 .2 .
7 . 3 .  R e s u l t s
Breakdown of N ~ 3 i i t ro s o p ip e r id in e  
As N - n i t r o s o p ip e r i d in e  i s  a v o l a t i l e  n i t ro sa m in e  i t  co u ld  be 
removed from th e  m i to c h o n d r ia l  su sp e n s io n  and th e  b u f f e r  samples 
u s in g  d i s t i l l a t i o n  u nder  r e d u c e d .p r e s s u r e  as d e s c r ib e d  in  th e  
E x p e r im en ta l  s e c t i o n  (C hap te r  7o2e)o The re c o v e ry  of added N- 
n i t r o s o p i p e r i d i n e  from th e  in c u b a t io n  m ix tu re s  was g e n e r a l l y  
50 -  60^.
In  m i to c h o n d r ia l  s u sp e n s io n s  w i th  added. N - n i t r o s o p ip e r i d in e  
( l  popomo), no marked in c r e a s e  i n  breakdown o f  th e  n i t r o s a m in e  
o c c u r re d  compared to  b u f f e r  samples in c u b a te d  and e x t r a c t e d  und er  
th e  same c o n d i t io n s  (Table  7 . 1 . )  The breakdown was s l i g h t l y  
g r e a t e r  under  a e ro b ic  c o n d i t io n s  b u t  th e  c o n c e n t r a t i o n  o f  N— 
n i t r c s o p i p e r i d i n e  re c o v e re d  from each sample was rem arkab ly  c o n s ta n t  
th ro u g h o u t .
A ttem pted  s y n th e s i s  o f  N—n i t ro s a m in e s  i n  m i to c h o n d r ia l  s u s p e n s io n s .
F u r th e r  experim en ts  were conducted  in  which sodium n i t r i t e  (10 mM) 
and e i t h e r  p y r r o l i d i n e  (10 p .p .m . )  o r  1- p r o l i n e  (10 p .p .m .)  were added 
to  th e  m i to c h o n d r ia l  s u sp e n s io n  to  d e te rm in e  w hether s y n th e s i s  o f  th e  
co r re sp o n d in g  n i t r o s a m in e s  cou ld  o c c u r .  These experim en ts  were 
c a r r i e d  ou t under  a n a e ro b ic  c o n d i t io n s  in  th e  p re sen ce  o f  exogenous 
sodium s u c c in a te  (0 .1  mM)„
N - n i t r o s o p r o l i n e  i s  n o n - v o l a t i l e  and must be e x t r a c t e d  by th e  
ca rb o n /m eth an o l p ro ced u re  ( V a l t e r s ,  Johnson  and Ray, 1970) and t h i s  
method was th e r e f o r e  u sed  f o r  in c u b a t io n s  which c o n ta in e d  n i t r i t e  
and 1 - p r o l i n e .  C o n v e r s e ly , . N - n i t r o s o p y r r o l i d i n e  i s  steam  v o l a t i l e  
and can be removed by th e  low p r e s s u r e  d i s t i l l a t i o n  method which was 
th u s  u sed  f o r  in c u b a t io n s  c o n ta in in g  n i t r i t e  and p y r r o l i d i n e .  No 
u n eq u iv o ca l  ev idence  o f  n i t r o s a m in e  fo rm a t io n  was o b ta in e d  i n  th e s e  
experim en ts  (Table 7 02 . )  The samples c o n ta in in g  sodium n i t r i t e  and 
1— p r o l i n e  had h ig h  p o la ro g ra p h ic  a c t i v i t j 7- (under a c id  c o n d i t i o n s )
n e a r  th e  r e g io n  o f  th e  N - n i t r o s o p r o l i n e  peak p o t e n t i a l 0 However, 
t h e  appea rance  o f  a l a r g e  p o la ro g ra p h ic  wave in  a l k a l i n e  s o l u t i o n  
d is c o u n te d  th e  p re se n c e  o f  N - n i t r o s o p r o l i n e  i n  th e  e x t r a c t s .  The 
m ethanol e x t r a c t s  from b u f f e r  and m i to c h o n d r ia l  samjxLes were 
co n tam in a ted  w i th  n i t r i t e  (1 .5  -  3 .0  p .p .m . )  which cou ld  have 
d i s t o r t e d  th e  p o la ro g ra p h ic  t r a c e .  N e v e r th e le s s ,  i t  was s i g n i f i c a n t  
t h a t  s i m i l a r  r e s u l t s  were o b ta in e d  f o r  b u f f e r  and m i to c h o n d r ia l  
samples in c u b a te d  f o r  1 h o r  18 h which a rg u es  a g a i n s t  s p e c i f i c  
fo rm a t io n  o f  N - n i t r o s o p r o l i n e  i n  th e  m i to c h o n d r ia l  sam ples .
In c u b a t io n s  w i th  n i t r i t e  and p y r r o l i d i n e  showed no p o la ro g ra p h ic  
a c t i v i t y  w hateve r i n  th e  r e g io n  o f  th e  N—n i t r o s o p y r r o l i d i n e  peak  
p o t e n t i a l .
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7o40 D i s c u s s i o n .
The m i to c h o n d r ia l  f r a c t i o n  appeared to  have l i t t l e  o r  no 
e f f e c t  on th e  s y n th e s i s  o r  breakdown o f th e  N ~ nitrosam ines  te s te d , ,
I t  i s  p robab le  t h a t  th e  r e l a t i v e l y  h ig h  pH (6 o0) o f  th e  
in c u b a t io n s  would have p re c lu d e d  n i t ro s a m in e  fo rm a t io n  w hich i s  
fav o u red  by a more a c id  pHc In  f a c t ,  i t  has  been shown t h a t  
l~ p r o l i n e  c p u i  be n i t r o s a t e d  u s in g  excess  sodium n i t r i t e  i n  d i l u t e  
a c id  s o l u t i o n  a t  35 — 40°C (Lijinsky and E p s t e in ,  1970) ? These 
c o n d i t i o n s ,  a p a r t  from th e  di3uite a c id  s o l u t i o n ,  a r e  s i m i l a r  to  
th o s e  u sed  in  th e  p r e s e n t  i n v e s t ig a t io n , .  However, i n  th e  p r e s e n t  
study^ in c u b a t io n s  were c a r r i e d  o u t a t  pH v a lu e s  r e l e v a n t  to  th e  
c u r in g  p ro c e s s  (see  C hap te r  2 . 2 a ) and i t  would appear  t h a t  th e s e  
c o n d i t io n s  do n o t  fav o u r  th e  s y n th e s i s  o f  n i t r o s a m in e s .
This  s e r i e s  of experim en ts  t h e r e f o r e  su g g e s ts  a c o m p le te ly  
n e u t r a l  r o l e  f o r  th e  m i to c h o n d r ia l  f r a c t i o n  in  th e  fo rm a t io n  a n d /o r  
breakdown o f  n i t r o s a m in e s . I t  i s  b u t  a v e ry  b r i e f  s tu d y  and i t  
cou ld  be a rgued  t h a t  a s i m i l a r  i n v e s t i g a t i o n  on th e  m icrosom al 
f r a c t i o n  o f  s k e l e t a l  m usc le ,  p a r t i c u l a r l y  w ith  re g a rd  to  n i t r o s a m in e  
m e tabo lism  cou ld  have p roved  more f r u i t f u l .  On th e  o th e r  hand , i t  
has been shown q u i t e  c o n c lu s iv e ly  i n  C hap te rs  4 ,  5 and 6 t h a t  n i t r i t e  
i n t e r a c t s  w i th  th e  m i to c h o n d r ia l  r e s p i r a t o r y  cha in  a t  pH 6 o0 and i t  
was c o n c e iv a b le  t h a t  t h i s  cou ld  have in f lu e n c e d  th e  fo rm a t io n  of  
n i t r o s a m in e s .
A s tu d y  of th e  e f f e c t s  o f  th e  microsom al f r a c t i o n  on 
n i t r o s a m in e s  would p ro v id e  a u s e f u l  e x te n s io n  to  th e s e  s t u d i e s .  
However, s k e l e t a l  m usc le ,  u n l ik e  l i v e r ,  has  n o t  been S p o r t e d  to  
c o n ta in  d ru g -m e ta b o l i s in g  enzymes and t h i s  may w e l l  mean t h a t  
n i t r o s a m in e  fo rm a t io n  i n  th e  microsomes o f  s k e l e t a l  muscle would 
fo l lo w  th e  same n e g a t iv e  p a t t e r n  as  th e  m i to c h o n d r ia .
N e v e r th e l e s s , as  f a r  as n i t ro s a m in e  fo rm a t io n  i s  concerned  
i t  i s  p l e a s in g  to  r e p o r t  a n e g a t iv e  s e t  o f  r e s u l t s ' ,  e s p e c i a l l y  as 
t h e s e  were o b ta in e d  under  co n d it io n s"  r e l e v a n t  to  th e  c u r in g  p r o c e s s 0
A lthough th e  m etabo lism  o f  n i t r o s a m in e s  i n  th e  l i v e r  has  been 
w e l l  documented (see  C hap ter  l 0l e) ,  th e  e f f e c t  o f  n i t r i t e  on th e  
drug  m e ta b o l i s in g  enzymes o f  t h i s  organ  i s  n o t  known0 In  th e  
fo l lo w in g  c h a p te r  a b r i e f  i n v e s t i g a t i o n  on t h i s  to p i c  i s  c a r r i e d  ou t 
which p ro v id e s  a complementary s tu d y  to  t h i s  s e r i e s  o f  e x p e r im e n ts .
PART. I V -
C h a p te r  8* I n t e r a c t i o n s  o f  N i t r i t e  w i th  Microsoma,! Snzyme 
System s
INTERACTION OF NITRITE ¥ITH MICROSOMAL ENZYME SYSTEMS 
CHAPTER 8
8 .1 .  I n t r o d u c t io n
In  th e  I n t r o d u c t io n  s e c t i o n  of th e  j j r e s e n t  s tu d y  (C hap ter  1 .2 .  3 . )  
t h e  f u n c t i o n  of th e  m icrosom al e l e c t r o n  t r a n s p o r t  system  was d i s c u s s e d .
I t  i s  v e i l  known t h a t  t h i s  enzyme complex i s  r e s p o n s ib le  f o r  th e  m etabolism  
o f th e  m a jo r i t y  of f o r e ig n  compounds ( a n u t r i e n t s )  and can be induced  
by a wide v a r i e t y  o f  compounds such a s  p h en o b a rb i to n e  and b en zo (a )  pyrene 
(Conney, 1967).
The b u lk  o f  th e  p r e s e n t  i n v e s t i g a t i o n  has  been d ev o ted  to  a 
com prehensive s tu d y  of th e  e f f e c t s  o f  n i t r i t e  on th e  m i to c h o n d r ia l  e l e c t r o n  
t r a n s p o r t  system . 'A b r i e f  i n v e s t i g a t i o n  o f  th e  e f f e c t s  o f  n i t r i t e  on th e  
l i v e r  microsomal enzyme system  was t h e r e f o r e  c o n s id e re d  r e l e v a n t  to  th e  
p r e s e n t  s tu d y  a l th o u g h  h o t  d i r e c t l y  r e l a t e d  to  th e  b io c h e m is t ry  o f  c u r in g  
in  s k e l e t a l  m uscle . Muscle t i s s u e  i s  n o t  known to  p o s se s s  a s i m i l a r  
a n u t r i e n t  m e ta b o l i s in g  system . Such a s tu d y  would, however, complement 
to  some e x t e n t  th e  s tu d i e s  on n i t ro s a m in e  fo rm a t io n  and breakdown 
(Chajrter 7 ) .
I t  was d ec id ed  to  a s s e s s  th e  e f f e c t s  of a c u te  and c h ro n ic  
a d m i n i s t r a t i o n  of n i t r i t e  a t  d o ses  which cou ld  be a s s o c i a t e d  w i th  consumption 
of cu red  p ro d u c ts  ad nauseam. For example i f  a 70 kg man consumes 1 kg 
( ^ 2  lb )  o f  cu red  p ro d u c ts  p e r  day th e  d a i l y  n i t r i t e  " d o se ” , assum ing 
a c o n c e n t r a t i o n  o f  200 x>.p.m. sodium n i t r i t e  i n  the cu red  p r o d u c t s ,  would 
be e q u iv a le n t  to  200 mg o f  sodium n i t r i t e  o r  ap p ro x im a te ly  3 mg n i t r i t e  
p e r  kg body wt p e r  day.
Using t h i s  dose le v e l  a s  a g u i d e - l i n e  th e  e f f e c t s  o f  n i t r i t e  
on th e  m icrosomal d ru g -m e ta b o l i s in g  enzymes j ) - n i t r o b e n z o i c  a c i d  
r e d u c t a s e ,  a n i l i n e  4 -h y d ro x y la se  and NADPH-cytochrome c r e d u c t a s e  were 
i n v e s t i g a t e d .  Also th e  e f f e c t s  on th e  c o n c e n t r a t i o n s  o f  m icrosom al 
cytochrom es b 5 and $-450 were s tu d ie d .
8 .2 .  E x p er im en ta l  
Animals
Female V i s t a r  r a t s ,  s e l e c t e d  and grou})ed a t  random were used  
th ro u g h o u t ,  and fe d  on S p i l l e r s  sm all  an im al d i e t  ( a u to c la v e d )  and w a te r  
ad l i b i t u m  u n le s s  o th e rw ise  s t a t e d .  The w e ig h t o f  th e  r a t s  a t  th e  
b e g in n in g  o f  each experim en t was 210 -  240 g.
Sodium n i t r i t e  dosage
To s tu d y  th e  a c u te  e f f e c t s  o f  n i t r i t e  a d m i n i s t r a t i o n  a s o l u t i o n  
o f  sodium n i t r i t e  (5 mg/kg and 50 mg/kg) in  NaCl (0 .9 $  w/v) was i n j e c t e d  
i n t r a - p e r i t o n e a l l y  once d a i l y  f o r  t h r e e  d ay s .  The an im als  were k i l l e d  
a p p ro x im a te ly  18 h a f t e r  th e  f i n a l  i n j e c t i o n .
In  th e  c h ro n ic  fe e d in g  experim ent sodium n i t r i t e  was g iv e n  as  a 
200 p .p .m . s o l u t i o n  ( i n  w a te r )  as  th e  s o le  sou rce  o f  d r in k i n g  w a te r  f o r  
14 d ays .  The w a te r  b o t t l e  was p r o te c te d  from th e  l i g h t  d u r in g  t h i s  ex tended  
p e r io d  of a d m in i s t r a t i o n  as  n i t r i t e  can be o x id r s e d  to  n i t r a t e  i n  th e  
X)rosence of  l i g h t  (Dhar and T iw a r i ,  1961).
ProT )aration  o f  microsomal sample
The r a t s  were k i l l e d  by c e r v i c a l  f r a c t u r e .  The l i v e r s  were 
removed as  q u ic k ly  as  p o s s i b l e  and im m ed ia te ly  p la c e d  in  i c e - c o l d  F.C1 
s o l u t i o n  (1 .1 5 $  w /v ) .  The l i v e r s  were th e n  b l o t t e d  d ry  on f i l t e r  p ap e r  
and weighed in  i c e - c o l d  KC1 s o l u t i o n  (1 .1 5 $  w /v ) .  This  p ro ced u re  h e lp s  
to  remove excess  b lo o d  which may i n t e r f e r e  i n  th e  d e t e r m in a t io n  o f  
cytochrome P-450. H om ogenisation  was c a r r i e d  ou t i n  a P o t t e r  ty p e  
t e f l o n - g l a s s  hom ogeniser u s in g  s i x  r e t u r n  s t r o k e s .  The homogenates 
(0 .25  g l i v e r  p e r  ml) were c e n t r i f u g e d  a t  10,000 x g (20 mill) a t  2°C, 
th e  p e l l e t  b e in g  d i s c a r d e d .  I n  t h i s  way c e l l  d e b r i s ,  n u c l e i ,  m i to c h o n d r ia  
and lysosom es a r e  l a r g e l y  removed.
The s u p e r n a ta n t  from t h i s  c e n t r i f u g a t i o n  was used  f o r  th e  
n i t r o r e d u c t a s e  and jq - a n i l i n e  h y d ro x y la se  enzyme a s s a y s .  The m icrosom al
and th e  r e s u l t i n g  p e l l e t  was re suspended  i n  KC1 s o l u t i o n  (1 .1 5 $  w/v) 
t o  g ive .’ a f i n a l  c o n c e n t r a t i o n  o f  0 .25  g o r i g i n a l  t i s s u e / m l .
Throughout th e  p r e p a r a t i o n  a l l  o p e r a t io n s  were c a r r i e d  o u t  a t
0 -  4°C.
Enzyme Assays
( i )  p -N it ro b e n z o ic  a c i d  r e d u c ta s e
p -N it ro b e n z o ic  a c id  i s  co n v e r te d  to  p-am inobenzoic  a c i d ,  which 
i s  d i a z o t i s e d  w i th  sodium n i t r i t e  and coupled  to  N—1-n a p h th y le th y le n e d ia m in e  
to  y i e l d  a c o lo u re d  complex. The method i s  e s s e n t i a l l y  t h a t  o f  G i l l e t t e ,  
Kamm and Sasame (1968).
In c u b a t io n  tu b e s  were s e t  up as  s h o w  belowG
T es t
(ml)
C o n tro l
(ml)
S tan d a rd
(ml)
S u b s t r a te  (p -n i t ro b e n z o ic  a c i d ,  
15 inM) in  0.1 M phosphate  b u f f e r  
pH 7 .4
M ix tu re  o f  c o f a c to r s  i n  b u f f e r :  
NADP (3 mM)
G lu co se -6 -p h o sp h a te  (50 mM)
MgS04 (50 mM)
FMN (0 .9 0  mM)
B u f fe r  (0.1 M phosphate  pH 7 .4 )  
S tanda rd  (p-am inobenzoic  a c i d ,  
0 .3  mM)
1 0 ,COO x g l i v e r  s u p e r n a ta n t
0 . 8
0 .3
0 .3
0.8*
0 .3
0 .3
0 . 8*
0 .3
0 . 2 0 . 2
0 .3 *
0 . 2
* I n d i c a t e s  t h a t  th e s e  s o l u t i o n s  were added a f t e r  th e  i n c u b a t io n .  
D u p l ic a te  tu b e s  f o r  each t e s t  and c o n t r o l  sample and two s t a n d a r d s  
were used .
T h e i n c u b a t i o n  v a s  s t a r t e d  b y  t h e  a d d i t i o n  o f  s u b s t r a t e  a n d  t h e  t u b e s
■were in c u b a te d  under a s t ream  of oxygen f r e e  n i t r o g e n  f o r  e x a c t ly
\
30 min a t  37 C w i th  shak ing  (100 c y c l e s /m i n ) . The in c u b a t io n  was 
te rm in a te d  by open ing  th e  tu b e s  to  th e  atm osphere  and add ing  1 .6  ml o f  
t r i c h l o r a c e t i c  a c id  (10^ w /v ) .  The tu b e s  were c e n t r i f u g e d  a t  1000 x g 
f o r  (15 min) a t  5°C. A 2 ml a l i q u o t  o f  th e  d e p r o t e in i s e d  s u p e r n a ta n t  was 
used  f o r  th e  d e te r m in a t io n  o f  th e  p -am inobenzo ic  a c id  by th e  
B r a t to n  end M a rsh a l l  (1939) p ro c e d u re .  To each tu b e  0 .5  ml of sodium 
n i t r i t e  s o l u t i o n  ( 0 51 ^ w /v )  was added and th o ro u g h ly  mixed. A f t e r  
3 min 0 .5  ml o f  ammonium sulpham ate  s o l u t i o n  ( 0 .5 ^  w/v) was added and 
th e  c o n te n ts  once more th o ro u g h ly  mixed. A f te r  a f u r t h e r  3 min 0 .5  ml 
o f  n a p h th y le th y le n e d ia m in e  s o l u t i o n  ( 0 .1 ^  w/v) was added and mixed.
The c o n te n ts  of each tube w .e red ilu ted  to  10 ml w i th  d i s t i l l e d  w a te r ,  
th o ro u g h ly  mixed and a f t e r  30 min th e  e x t i n c t i o n s  o f  th e  s o l u t i o n s  were 
measured a t ',545 nrn in  a Unicam SP600 s p e c tro p h o to m e te r .  p -N i t ro b e n z o ic  
a c id  3:eductase a c t i v i t y  was ex p re s se d  as  jjjnol ^P-aminobenzoic a c id  formed 
p e r  g wet w e ig h t  l i v e r  p e r  h .
( i i )  .Aniline 4 - hydroxy.1 ase
The a n i l i n e  4 -h y d ro x y la se  a s s a y  was c a r r i e d  o u t  u s in g  a
m o d i f i c a t io n  o f  th e  method of G i l b e r t  and GoL.herg (1965) .  In n u b a t io n
tu b e s  were p re p a re d  as below:
T e s t  C o n tro l  S ta n d a rd
Tml) (ml) (ml)
S u b s t r a te  ( a n i l i n e  h y d r o c h lo r id e ,  40 mM) 
M ixture  o f  c o f a c to r s  in  b u f f e r :
NADP (12 .5  mM)
G lu co se -6 -p h o sp h a te  (75 mM)
0 .5 0 .5* 0 .5*
MgS04 (50 mM) 0 .2 0 .2 0 .2
B u f fe r  (0 .3  M T ris-H C l pH 7 .4 ) 0 .6 0 .6 0 .45
10,000 x g l i v e r  s u p e r n a ta n t 0 .5 0 .5 0 .5
p -amino'phenol s ta n d a rd  (1 mM) — _  . 0 .15*
* I n d i c a t e s  t h a t  t h e s e  s o l u t i o n s  were added a f t e r  th e  in c u b a t io n .
were p re p a re d .
The tu b e s  were p r e - in c u b a te d  (minus s u b s t r a t e )  f o r  2 .5  min 
b e fo re  b e ing  f lu s h e d  f o r  10 sec w i th  oxygen. The in c u b a t io n  was i n i t i a t e d  
by a d d i t i o n  o f  th e  s u b s t r a t e  and was c a r r i e d  o u t  f o r  e x a c t ly  15 min a t  
37°C w i th  sh ak in g  (100 c y c le s /m in ) .  The r e a c t i o n  was t e rm in a te d  by 
s a t u r a t i n g  th e  in c u b a t io n  m ix tu re  w i th  excess sodium c h lo r id e  and add ing  
10 ml d i e t h y l  e t h e r ? c o n ta in in g  iso -am y l a l c o h o l  (1.5/^ w /v ) .  The 
. in c u b a t io n  m ix tu re  was e x t r a c t e d  f o r  20 min on a r o t a r y  s h a k e r .  A 7 ml 
a l i q u o t  of th e  d/her l a y e r  was shaken  f o r  20 min w i th  4 .5  ml o f  t r i p o t a s s iu m  
phospha te  (0 .5  M) c o n ta in in g  phenol ( 1 ^ w / v ) .  A f t e r  30 min the. e x t i n c t i o n  
o f  th e  aqueous l a y e r  was m easured a t  620 nm in  a Unicam SP500 sp e c tro p h o to m e te i
The a c t i v i t y  o f  a n i l i n e  4 -h y d ro x y la se  was e x p re s se d  as  |Xmol 
_p_-aminophenol formed p e r  g w et w e ig h t  l i v e r  p e r  h .
( i i i )  NADPII-c.ytochrome c r e d u c ta s e
This  was a ssay ed  u s in g  th e  resu sp en d ed  microsomal, p e l l e t  by th e  
s p e c t ro p h o to m e t r ic  method o f  W illiam s and Kamin (1962).
The t e s t  and r e f e r e n c e  c u v e t t e s  each c o n ta in e d  cytochrom e c 
(1 .2  mg) and 0 .2  ml o f  microsom al s u sp e n s io n  in  a f i n a l  volume of 
3£ ml o f  phospha te  b u f f e r  (0 .05  M) pH 7 .6  c o n ta in in g  KCN (1 mM) to  a r r e s t  
any o x id a t io n  o f  cytochrome c.
, The r e a c t i o n  was i n i t i a t e d  by a d d i t i o n  of 0.1 ml o f  NADPH 
s o l u t i o n  (8 mg/ml) to  th e  t e s t  c u v e t te  and th e  r e d u c t io n  o f  cytochrom e c 
was measured by fo l lo w in g  th e  e x t i n c t i o n  a t  550 nm in  a Unicam SP1800 
s p e c tro p h o to m e te r .  The r a t e  o f  r e a c t i o n  was measured d u r in g  th e  f i r s t  
m inu te  o f  r e a c t i o n  over which p e r io d  th e  r e a c t i o n  r a t e  was found  to  be 
l i n e a r .
The a c t i v i t y  o f  MADPH-cytochrome c r e d u c t a s e  was e x p re s s e d  as  
|Xmol cytochrome c r e d u c e d /g  wet w e ig h t  l i v e r / h j  based  on th e  i n i t i a l  
r e a c t i o n  v e l o c i t y  a s  o u t l i n e d  above.
The two microsomal cytochrom es were m easured in  th e  resu sp en d ed  
p e l l e t  u s in g  a s p e c tro p l io to m e tr ic  method. Cytochrome P-450 was measured 
by th e  method of Omura and Sato  (1964) and b^ _ by th e  method o f  Schonkman 
e t  a l .  (1967).
The two a s sa y  methods cou ld  be c a r r i e d  o u t  u s in g  th e  same 
p r e p a r a t i o n .  The t e s t  and r e f e r e n c e  c u v e t t e s  each c o n ta in e d  1 .0  ml o f  
m icrosom al su sp e n s io n  w i th  2 .0  ml o f  p hospha te  b u f f e r  (0.1 M) pH 7 .4 .
The p r o t e i n  c o n c e n t r a t i o n  o f  t h i s  d i l u t e d  s o l u t i o n  was n o rm a l ly  
1 . 5 - 3  mg/ml. The r e d u c t io n  o f  cytochrome b^ was c a r r i e d  o u t  by th e  
a d d i t i o n  o f  0.1 ml o f  NADH s o l u t i o n  (1 mg/ml) to  th e  t e s t  c u v e t t e .  The 
cytochrome was m easured as  th e  e x t i n c t i o n  d i f f e r e n c e  betw een 424 nm and 410 
A few c r y s t a l s  o f  sodium d i t h i o n i t e  were th e n  added to  b o th  
c u v e t t e s  and carbon  monoxide m s  bubbled  th ro u g h  th e  t e s t  c u v e t t e  f o r  
approx . 30 s e c .  Cytochrome P-450 was measured a s  th e  e x t i n c t i o n  d i f f e r e n c e  
between 450 nm and 500 nm.
The c o n c e n t r a t i o n  o f  cytochrom es P-450 and b^ were e x p re s se d  
as  nmol p e r  g w et w e ig h t l i v e r .
(v) P r o t e i n  c o n te n t
The p r o t e i n  c o n c e n t r a t i o n  o f  th e  m icrosom al s u sp e n s io n s  was 
measured u s in g  th e  method o f  Lowry e t  a l . (1951).
( i )  In  v ivo  experim en ts
The i n j e c t i o n  o f  r a t s  w i th  doses  of sodium n i t r i t e  o f  5 o r  50 
mg/kg body w e igh t f o r  3 days d id  n o t  p roduce any s i g n i f i c a n t  d i f f e r e n c e s  
in  th e  a c t i v i t i e s  o f  th e  d ru g -m e ta b o l i s in g  enzymes or  i n  th e  c o n c e n t r a t io n s  
o f  th e  cytochrom es compared to  a c o n t r o l  group o f  r a t s  i n j e c t e d  on ly  w i th  
s a l i n e  (Table  8 .1 . ) *  a d d i t i o n ,  l i v e r  w e igh t  (p e r  100 g body w eigh t)  
and  microsomal p r o t e i n  (p e r  g l i v e r  wet w eigh t)  were n o t  s i g n i f i c a n t l y  
d i f f e r e n t  i n  th e  n i t r i t e  t r e a t e d  a n im a ls .
An i n t e r e s t i n g  r e s u l t  was o b ta in e d  u s in g  r a t s  f e d  sodium n i t r i t e  
i n  t h e i r  d r in k in g  w a te r  f o r  14 d ays .  I t  was found t h a t  th e s e  an im als  
consumed v e ry  l i t t l e  w a te r  -  o n ly  4 -  5 ml p e r  day -  much l e s s  th a n  th e  
c o n t r o l  r a t s  which consumed 50 -  70 ml w a te r  per  day. I t  i s  p o s s i b l e  t h a t  
th e  n i t r i t e  may have t a i n t e d  th e  w a te r  so t h a t  th e  an im als  d ran k  th e  s m a l le s t  
p o s s i b l e  volume. Once a g a in  few s i g n i f i c a n t  d i f f e r e n c e s  were found 
between th e  c o n t r o l  and n i t r i t e  t r e a t e d  g ro u p s .  However i n  r a t s  to  which 
n i t r i t e  had been a d m in is te re d  th e  g a in  i n  body w eigh t was s i g n i f i c a n t l y  
low er and th e  cytochrome P-450 c o n c e n t r a t i o n s  were s i g n i f i c a n t l y  h ig h e r  
th a n  i n  th e  c o n t r o l  group (Table 8 . 2 . ) .
( i i )  In  v i t r o  experim en ts
F u r th e r  experim en ts  were c a r r i e d  o u t  on th e  re su sp e n d e d  m icrosom al 
p e l l e t  p re p a re d  from th e  l i v e r  o f  an u n t r e a t e d  r a t .
I t  was found t h a t  i f  n i t r i t e  was added t o  th e  m icrosom al 
su sp e n s io n  i n  th e  p re se n c e  o f  d i i h i o n i t e  a sm all  a b s o r p t i o n  peak a t  450 nm 
was formed. I f  carbon monoxide v as  th e n  bubb led  th ro u g h  th e  p r e p a r a t i o n  
th e r e  was l i t t l e  i n c r e a s e ' i n  a b s o r p t io n  a t  450 nm (F ig .  8 . 1 . )  which
c o n t r a s t e d  w i th  th e  normal b eh a v io u r  of cytochrome P-450.
/ [
I n  a  s e p a r a t e  ex p e r im en t ,  t h e  e x t i n c t i o n  o f  th e  carbon  m onoxide- 
cytochrome P-450 complex d e c re a s e d  in  p r o p o r t i o n  to  th e  c o n c e n t r a t i o n  o f  
n i t r i t e  added to  th e  c u v e t te  (F ig .  8 . 2 . ) .
CYTOCHROMES FROM RAT LIVER
Do s e  o f  n i t r i t e  ( m g /k g )
50 (3) 5 (3) C o n tro l  (4)
N i t r o r e d u c ta s e
(nmol p.-aminobenzoic a c id  p e r
g wet w eigh t l i v e r  p e r  h) 2 .4  + 0 .5 2 .2  + 0 .3 2 .2  + 0.1
A n i l i n e  4 -h y d ro x y la se
( pmol JL-aminophenol p e r
g w et w e ig h t l i v e r  p e r  h) 0 .71+  0 .09 0 .73+ 0 .04 0 .73+  0 .04
NADFH-cyt c r e d u c t a s e
( R mol c y t . c  p e r  g wet
w e ig h t l i v e r  p e r  h) 36 ±  3 33 + 4 28 ±  1
Cytochrome b^
(nm ol/g l i v e r ) 10 + 2 11 ±  2 1 0 + 1
Cytochrome P-450
(nm ol/g l i v e r ) 1 5 + 2 14 + 1 1 3 + 1
Microsomal p r o t e i n
(mg/g l i v e r )  I 25 .6+  2 .8 23 .6+0 .2 2 3 . 6 + 2 . 1
L iv e r  w e ig h t  !
(g /100  g body wt) 3.4. + 0 .2
■ "x
3 .7  + 0 .4 3 . 2 +  0.1
N i t r i t e  was i n j e c t e d  i n  sa l in e^  i n t r a - p e r i t o n e a l l y  a t  th e  d o ses  i n d i c a t e d  
once a day f o r  t h r e e  d ay s .  C o n tro l  r a t s  r e c e iv e d  th e  same volumes o f  
s a l i n e  as  th e  n i t r i t e  t r e a t e d  r a t s .  The v a lu e s  g iven  a r e  th e  means + 
s ta n d a rd  e r ro r s  and th e  f i g u r e s  i n  b r a c k e t s  g iv e  th e  number o f  a n im a ls .  
U sing S tu d e n ts  t  t e s t  no s i g n i f i c a n t  d i f f e r e n c e s  were found  betw een th e  
two n i t r i t e  t r e a t e d  groups o f  r a t s  and th e  c o n t r o l  group.
There was g e n e r a l ly  good agreem ent betw een d u p l i c a t e  sam ples 
i n  th e  d e te rm in a t io n s  o f  enzyme a c t i v i t i e s  b o th  i n  t h i s  exp er im en t 
and i n  th e  14 day f e e d in g  experim en t (Table  8 . 2 . ) .
CYTOCHROMES OF RA.T LIVER
N i t r i t e  in  
w a te r  (200 p .p .m . '
C o n tro l  
' (4)
(4)
N i t r o r e d u c ta s e
(N m ol p -am in o b en zo ic  a c id
p e r  g wet wt l i v e r  p e r  h) 3 .4  4  0 .4 3 .7  4  0 .4 n . s .
A n i l in e  4 -h y d ro x y la se
( |imol j^ -am inopheno l p e r  g •
wet wt l i v e r  p e r  h) 0 .39  + 0 .12 0 .5 0  4  0 .02 n . s .
NADPH -  c y t  c r e d u c ta s e
(p, mol c y t  c p e r  g wet wt \
l i v e r  p e r  h) 42 4  4 40 4  2 n . s .
Cytochrome b^ -
(nm ol/g  l i v e r ) 7 .8  4  1 .4 7 .8  4  0 .5 n . s .
Cytochrome P-450 -
(nmol/g l i v e r ) 14 ±  2 7 .0  4 0 .7 p <  0 .05
Microsomal p r o t e i n
(mg/g l i v e r ) 22.5 4  4 .0 16 .2  4  1 .6 n . s .
L iv e r  w e igh t
(g /100  g body wt) 3 .5  4  0.1 3 .7  4  0 .2 n . s .
Gain i n  body w eigh t
(g) 24.1 4  1 31 4  2 p ,<:0 .02
N i t r i t e  was a d m in is te re d  a t  a c o n c e n t r a t i o n  o f  200 p .p .m . i n  t h e  d r in k i n g
w a te r  f o r  a p e r io d  o f  14 d ay s .  C o n tro l  r a t s  r e c e iv e d  u n t r e a t e d  t a p
w a te r .  The v a lu e s  g iven  a r e  th e  means 4 s ta n d a rd  e r ro rs  and th e  f i g u r e s
i n  b r a c k e ts  g iv e  th e  number o f  an im als  in  each group.
S tu d e n ts  t  t e s t  i s  used  to  d e te rm in e  s i g n i f i c a n t  d i f f e r e n c e s
d'.^ere^ce,
between th e  two groups o f  an im als  where s ig n i f i c a n t '^  i s  i n d i c a t e d  by 
p < 0 .05 .  n . s .  i n d i c a t e s  no s i g n i f i c a n t  d i f f e r e n c e .
FIG-. 8 .1  . THE EFFECT OF NITRITE ON A REDUCED MICROSOMAL
SUSPENSION. .
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L iv e r  microsomes were p re p a re d  as  d e s c r ib e d  in  C hap te r  8 .2 .  T e s t  
and r e f e r e n c e  c u v e t t e s  c o n ta in e d  sodium d i t h i o n i t e  and were t h e r e f o r e  i n  
th e  reduced  s t a t e .  The f i g u r e  shows th e  (A) reduced  v s .  red u ced  d i f f e r e n c e  
spectrum  and (B) th e  appea rance  o f  t h i s  spec trum  when sodium n i t r i t e  (0.1 M) 
was added to  th e  t e s t  c u v e t t e .  When carbon  monoxide was s u b s e q u e n t ly  bubb led  
th ro u g h  th e  t e s t  s o l u t i o n  no l a r g e  in c r e a s e  i n  e x t i n c t i o n  a t  450 nm was 
observed  (Spectrum (C))
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L iv e r  microsomes were p re p a re d  as  d e s c r ib e d  in  C hap te r  8 .2 .  T e s t  and r e f e r e n c e  
c u v e t t e s  c o n ta in e d  sodium d i t h i o n i t e  and were t h e r e f o r e  in  th e  red.uced 
s t a t e .  Spectrum (A) i s  t h a t  o f  th e  CO-P-450 complex which i s  o b ta in e d  by 
p a s s in g  carbon  monoxide gas th ro u g h  th e  t e s t  s u sp e n s io n  f o r  30 s e c .  I n  th e  
p re se n c e  of (B) 0.1 M sodium n i t r i t e . a n d  (C) 0 .2  M n i t r i t e  th e  e x t i n c t i o n  
o f  th e  C0-P-450 complex p r o g r e s s i v e l y  d e c re a s e d .
I f  would, ap p ea r  r n a r  n i f r i r e  lias l i f f i e  or no e r r e c f  on rn e  a rug  
m e ta b o l i s in g  enzymes of th e  l i v e r  in  v iv o .  The h ig h  l e v e l  o f  n i t r i t e  
i n j e c t e d  i n t r a j ) e r i t o n e a l l y  (50 mg/kg. body w eigh t)  was d es ig n ed  to  t e s t  
t h e  e f f e c t  o f  a h ig h  dosage o f  n i t r i t e  o f  s h o r t  d u r a t io n  and was n ea r  
th e  re g io n  o f  th e  l e t h a l  d o se ,  which i s  175 mg/kg by in t r a v e n o u s  i n j e c t i o n  
(K iese and ¥ e g e r ,  1965). Even s o ,a  50 mg/kg dose o f  n i t r i t e  d id  n o t  seem 
to  a f f e c t  th e  microsomal enzyme system  of th e  l i v e r .
The c h ro n ic  f e e d in g  o f  n i t r i t e  over 14 days pi’oduced two 
s i g n i f i c a n t  d i f f e r e n c e s ,  t h a t  i s ^ a  low er gaJjx in  body w e ig h t and an i n c r e a s e  i  
cytochrome P-450 c o n c e n t r a t i o n .  The red u ced  g a in  i n  body w e ig h t  i n  th e  
r a t s  r e c e iv in g  n i t r i t e  may have been th e  r e s u l t  o f  th e  low w a te r  
consum ption o f  th e s e  a n im a ls .  However,, n i t r i t e  has been r e p o r t e d  to  d e c re a se  
grow th r a t e s  in  th e  c h ic k  by lo w er in g  th e  in t a k e  of food ( S e l l  and R o b e r ts ,  
1963). I t  i s . i n t e r e s t i n g  and pe rhaps  somewhat f o r t u i t o u s  t h a t  t h e  amount 
o f  n i t r i t e  r e c e iv e d  by th e s e  r a t s  was 0 .8  — 1 .0  mg n i t r i t e  p e r  day or 
appro 3 - 4  mg/kg body w e ig h t p e r  day -  th e  same as  t h a t  o f  th e  h y p o th e t ic a l  
cu red  p ro d u c ts  a d d i c t  d iscussed , i n  th e  i n t r o d u c t i o n  (C hap te r  8 . 1 . ) .
In  th e  case  o f  cytochrome P-450 c o n c e n t r a t i o n s  th e  r e s u l t s  
were somewhat in c o n c lu s iv e  a s  th e  l e v e l  i n  th e  c o n t r o l  group o f  r a t s  was 
u n e x p e c te d ly  low.
The i n  v i t r o  experim en ts  i n d i c a t e d  t h a t  n i t r i t e  can combine w i th  
cytochrome P-450 to  form a complex which i s  s u f f i c i e n t l y  s t a b l e  to  
p re v e n t  carbon  monoxide d i s p l a c i n g  th e  n i t r o s y l  m o ie ty .
An a l t e r n a t i v e  e x p la n a t io n  i s  t h a t  n i t r i t e  o x id i s e s  th e  microsomal 
su sp e n s io n  and in  t h i s  way t h e  carbon  monoxide l i g a n d  i s  e i t h e r  d i s p la c e d  
(F ig .  8 . 2 . )  o r  i s  p re v e n te d  from form ing a complex w i th  cytochrome 
P-450 (F ig .  8 . 1 . ) .
This  b r i e f  i n v e s t i g a t i o n  o f  th e  e f f e c t s  o f  n i t r i t e  on the  
m icrosom al enzyme system o f  th e  l i v e r  i n  v ivo  and in  v i t r o  d e m o n s t ra te d  
t h a t  n i t r i t e  has  no a c u te  a d v e rs e  e f f e c t  on th e  d rug  m e ta b o l i s in g  
enzymes o f  th e  l i v e r  and i s  u n l i k e l y  t h e r e f o r e  to  p o t e n t i a t e  o r  o th e rw is e
a f f e c t  th e  t o x i c i t y  of d ru g s ,  c a rc in o g e n s  o r  o th e r  f o r e i g n  compounds.
I t  sh o u ld ,h o w e v e r , be v e ry  u s e f u l  to  ex tend  th e s e  s t u d i e s  e s p e c i a l l y  
th o s e  co n ce rn in g  (a) th e  c h ro n ic  e f f e c t s  of n i t r i t e  a d m in i s t r a t i o n  
( p a r t i c u l a r l y  to  young r a t s  or o th e r  s p e c i e s ) ,  (b) th e  e f f e c t s  o f  adding  
n i t r i t e  i n  v i t r o  to  th e  m icrosom al enzyme system  and i t s  p o s s i b l e  
i n h i b i t o r y  e f f e c t s  th e re o n  and (c)  th e  i n  v i t r o  e f f e c t s  o f  n i t r i t e  and 
n i t r i c  ox ide  on cytochrome P-450 per  se .
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The p r e s e n t  i n v e s t i g a t i o n  was p r i m a r i l y  concerned  w i th  th e  
i n t e r a c t i o n  of n i t r i t e  and muscle t i s s u e  under  c o n d i t io n s  r e l e v a n t  to  th e  
c u r in g  p ro c e s s :  a t  pH 6 .0  ( th e  post-m ortem  pH o f  m u sc le ) ,  i n  an a n a e ro b ic  
( re d u c in g )  environm ent w hich would e x i s t  i n  th e  i n t e r i o r  o f  a b lo c k  of 
m eat, w i th  a sodium n i t r i t e  c o n c e n t r a t i o n  o f  3 mM ( th e  maximum p e rm i t t e d
l e v e l  i n  cu red  meat p r o d u c t s ) .
Under c u r in g  c o n d i t i o n s ,  s k e l e t a l  muscle m e ta b o l i s e d  n i t r i t e  
t o  a f a r  g r e a t e r  e x t e n t  th a n  c o n t r o l  ( b u f f e r )  samples a t  th e  same pH.
T h is  was a genu ine r e f l e c t i o n  o f  muscle m etabo lism : th e  n i t r i t e  u t i l i s a t i o n  
o c c u rre d  in  th e  p re se n c e  o f  th e  a n t i b i o t i c  C hlorom ycetin  which p re v e n te d  
b a c t e r i a l  m etabo lism  o f  n i t r i t e .  S k e l e t a l  muscle c o n t in u e s  to  r e s p i r e  
f o r  long  p e r io d s  a f t e r  th e  d e a th  o f  th e  an im al and a d d i t i o n  o f  t r i c a r b o x y l i  
a c i d  (TCA.) cy c le  s u b s t r a t e s  g e n e r a l ly  r e s u l t s  i n  an in c re a s e d  oxygen 
consumption in  th e  muscle t i s s u e .  However, n e i t h e r  th e  u t i l i s a t i o n  of 
n i t r i t e  n o r  th e  c o n v e rs io n  o f  myoglobin to  n it ro sy lm y o g lo b . in  ( th e  pigm ent 
re s p o n s ib le ,  f o r  th e  r e d  c o lo u r  o f  cu red  meat) were enhanced by th e  
a d d i t i o n  of TCA s u b s t r a t e s  to  muscb m inces .
I n v e s t i g a t i o n s  o f  th e  a c t i o n  of n i t r i t e  on th e  m i to c h o n d r ia l
r e s p i r a t o r y  ch a in  o f  muscle posed s e v e r a l  problem s i n  r e l a t i o n  to  th e
e x t r a c t i o n  o f  th e  m i to c h o n d r ia l  f r a c t i o n  from th e  muscle t i s s u e .  U n like  
" s o f t e r "  t i s s u e s  ( e .g .  l i v e r )  th e  r e l e a s e  of m ito ch o n d r ia l  from s k e l e t a l  
muscle ( p a r t i c u l a r l y  p o rc in e  m uscle) i s  ach iev ed  w i th  c o n s id e r a b le  
d i f f i c u l t y ;  f i n e l y  m incing  th e  t i s s u e  was an e s s e n t i a l  p r e l i m i n a r y  to  
hom ogen isa tion .  E x t r a c t i o n  and h om ogen isa tion  te c h n iq u e s  were d ev e lo p ed  
to  g ive  th e  g r e a t e s t  p o s s i b le  y i e l d  o f  m i to c h o n d r ia l  cy tochrom es . No 
improvement i n  y i e l d  was ach iev ed  by u s in g  a m a n n i to l / s u c ro s e  medium 
in s t e a d  o f  T r is -K C l.  no r by r e p l a c i n g  th e  m echan ica l h o m o g en isa tio n  
method w i th  an enzymic one.
were made by d i f f e r e n t i a l  s p e c tro p h o to m e try ,  and th e  a b s o r p t io n  bands of 
th e  cytochrom es were i n t e n s i f i e d  and sharpened  by th e  use  o f  low 
te m p e ra tu re s  ( - 1 60°C ). For th e s e  s t u d i e s ,  two low te m p e ra tu re  c e l l s
were d es ig n ed  and c o n s t r u c t e d .
At th e  maximum l e v e l  p e rm i t te d  i n  cu red  meat p ro d u c ts  (3 mM), 
sodium n i t r i t e  r a p i d l y  formed a n i t r o s y l  complex w i th  fe r ro cy to ch ro m e  a^ 
in  a s k e l e t a l  muscle m i to c h o n d r ia l  su sp e n s io n  under r e d u c in g  c o n d i t io n s  
a t  pH 6 .0 .  This  complex decomposed in  a i r  to  f e r r ic y to c h ro m e  a^ in  a 
s i m i l a r  manner to  uncomplexed fe rro cy to ch ro m e  a^ . In  long  (18 h) in c u h a t  
t y p i c a l  o f  th e  c u r in g  p ro c e s s  no e f f e c t  was observed  on o th e r  cytochromes 
in  th e  s u s p e n s io n ,  and v e ry  l i t t l e  u t i l i s a t i o n  of n i t r i t e  o c c u r re d .
At low er c o n c e n t r a t i o n s  o f  n i t r i t e  (0 .3  and 0 .03  mM) th e  
n i t r o s y l f e r r o c y to c h r o m e  a^ complex co n t in u e d  to  be formed. N i t r i t e  
u t i l i s a t i o n  d id  occur b u t  was m ain ly  due to  b a c t e r i a  in  th e  m i to c h o n d r ia l  
su sp e n s io n  and t h i s  i r r e l e v a n t  m etabolism  of n i t r i t e  was c o n t r o l l e d  by 
th e  a d d i t i o n  o f  th e  broad  spectrum  a n t i b i o t i c  C hlorom ycetin .
In  th e  p re sen ce  of  C hlo rom ycetin ,  n i t r i t e ,  a t  c o n c e n t r a t i o n s  
below 3 mM, produced a c y a n i d e - s e n s i t i v e  o x id a t io n  of th e  red u ced  
m i to c h o n d r ia l  cytochromes under  a n a e ro b ic  c o n d i t io n s ,  though  w i th  a much 
low er e f f i c i e n c y  th a n  oxygen. The o x id a t io n  was s ta b i l i s e d  by i n c l u s i o n  
o f  th e  r e s p i r a t o r y  c h a in  i n h i b i t o r  am y ta l .
At c o n c e n t r a t io n s  above 3 mM (up to  30 mM) n i t r i t e  a g a in  caused  
o x id a t io n  o f  reduced  m i to c h o n d r ia l  cy tochrom es. This  o x id a t io n  o c c u r re d  
i r r e s p e c t i v e  o f  th e  p re sen ce  of- e i t h e r  C hlorom ycetin  o r  am yta l o r  b o th ,  
and was a d i r e c t ,  non-enzym ic a c t i o n  which rem ained u n a f f e c t e d  by low 
c o n c e n t r a t i o n s  o f  cy an id e .
In  th e  1 - 3  mM range  o f  c o n c e n t r a t i o n ,  n i t r i t e  o x id i s e d  th e  
m i to c h o n d r ia l  cytochrom es o n ly  i n  th e  p re sen ce  o f  am y ta l .
cytochrom es by n i t r i t e  a t  c o n c e n t r a t i o n s  below 3 mM was th e r e f o r e  r e p la c e d  
by a c y a n i d e - i n s e n s i t i v e  d i r e c t  a c t i o n  a t  n i t r i t e  c o n c e n t r a t i o n s  above 
t h i s  l e v e l .
N i t r i t e  i n h i b i t e d  th e  r e s p i r a t i o n  o f  a m i to c h o n d r ia l  s u sp e n s io n ,  
t h e  in h ib i t io n  i n c r e a s in g  as th e  c o n c e n t r a t i o n  o f  n i t r i t e  was in c re a s e d  
to  60 mM. The e f f i c i e n c y  o f  n i t r i t e  as  an i n h i b i t o r  appea red  to  in c r e a s e  
a s  th e  oxygen t e n s i o n  was low ered . This o b s e r v a t io n  i s  in  agreem ent 
w i th  a c o m p e t i t io n  between n i t r i t e  and oxygen f o r  cytochrome a^ w i th  th e  
enzyme d i s p l a y in g  a f a r  h ig h e r  a f f i n i t y  f o r  oxygen.
Thus th e  observed  phenomena can be e x p la in e d  by th r e e  d i s t i n c t  
b u t  i n t e r r e l a t e d  a c t i o n s  o f  n i t r i t e .  At low c o n c e n t r a t i o n s  ( C 3 mM) 
n i t r i t e  a c t s  as  t e rm in a l  e l e c t r o n  a c c e p to r  to  th e  r e s p i r a t o r y  c h a in  
th e re b y  o x id i s i n g  th e  m i to c h o n d r ia l  cytochrom es under  a n a e ro b ic  c o n d i t io n s .  
As th e  n i t r i t e  c o n c e n t r a t i o n  i s  r a i s e d  a g ra d u a l  i n h i b i t i o n  o f  cytochrome 
o x id a se  a c t i o n  o c c u r s ,  p resum ably  as a r e s u l t  o f  in c r e a s e d  fo rm a t io n  o f  
th e  n i t r o s y ] f e r r o c y to c h r o m e  a^ complex. In  a d d i t i o n ,  n i t r i t e  p roduces  
a d i r e c t ,  non-enzym ic o x id a t io n  o f  th e  cytochrom es which in c r e a s e s  w i th  
i n c re a s e d  n i t r i t e  c o n c e n t r a t i o n .  These th r e e  e f f e c t s  produce a zone of 
minimum cytochrome o x id a t io n  ( th e  " i n h i b i t o r y  zone") where th e  
c o n c e n t r a t i o n  of n i t r i t e  i s  such t h a t  i n h i b i t i o n  o f  cytochrome o x id a se  i s  
h ig h  b u t  d i r e c t  o x id a t io n  o f  th e  cytochrom es has  n o t  reac h ed  a n o t i c e a b l e  
l e v e l .  The " i n h i b i t o r y  zone" o c c u rre d  a t  n i t r i t e  c o n c e n t r a t i o n s  o f  1 -  3 mM.
The same v a r i a t i o n s  i n  o x id a t io n  r a t e  w i th  n i t r i t e  c o n c e n t r a t i o n  
were observed  u s in g  i s o l a t e d  enzyme system s w i th  p h y s i o l o g i c a l l y  a c t i v e  
fe r ro cy to ch ro m e  c produced from th e  o x id i s e d  ( f e r r i )  form by r e d u c t io n  
w i th  hydrogen and p a l la d iu m .  These experim en ts  a l s o  d e m o n s tra ted  th e  
i n h i b i t o r y  zone phenomenon under a e ro b ic  c o n d i t i o n s .
On I n c r e a s in g  th e  pH oi' th e  medium from b .u  to  l . n no 
in c r e a s e  in  cytochrome o x id a t io n  (due to  th e  non-enzymic a c t i o n  o f  n i t r i t e )  
o c c u r re d  in  e i t h e r  th e  i n  v i t r o  o r  th e  i s o l a t e d  enzyme sys tem s . The 
i n h i b i t o r y  zone i s  t h e r e f o r e  a f u n c t i o n  o f  th e  pH of th e  m i to c h o n d r ia l  
s u sp e n s io n .
The n i t r o s y l f er.ricytoch.rome c complex was formed in  a n a e ro b ic  
in c u b a t io n s  o f  muscle m i to c h o n d r ia  i n  th e  p re sen ce  o f  n i t r i t e  a t  con­
c e n t r a t i o n s  above and below t h a t  of th e  i n h i b i t o r y  zone. This  complex 
i s  r e p o r t e d  to  be in v o lv e d  i n  th e  fo rm a t io n  o f  n i t r o s y lm y o g lo b in .
The a d m in i s t r a t i o n  to  r a t s  o f  c o n c e n t r a t i o n s  o f  n i t r i t e  w hich, 
on a body w e ig h t  b a s i s ,  were f a r  i n  excess  o f  amounts l i k e l y  t o  be consumed 
by man, produced  no changes i n  th e  a c t i v i t i e s '  o f  th e  l i v e r  d rug  m e ta b o l i s in g  
enzymes .p -n i t ro b e n z o ic  a c id  r e d u c t a s e ,  a n i l i n e  4 -h y d ro x y la se  and 
NADPII-cytochrome c r e d u c t a s e .  No changes i n  cj^tochrome b^ o r  cytochrome 
P-450 l e v e l s  were observed  and th e  l i v e r  p r o t e i n  and l i v e r  w e ig h t  were 
a l s o  u n a f f e c t e d .  However, a s i g n i f i c a n t  d e c re a se  o c c u r re d  i n  th e  growth 
o f  r a t s  fe d  n i t r i t e  over a 14 day p e r io d .
S k e l e t a l  muscle m ito c h o n d r ia  in  v i t r o  d id  n o t  ap p ea r  to  
promote e i t h e r  th e  breakdown or s y n th e s i s  o f  n i t r o s a m in e s  under  th e  
c o n d i t io n s  o f  in c u b a t io n :  pH 6 .0  a t  37°C w i th  n i t r i t e  a t  c o n c e n t r a t i o n s  
up to  10 mM and in  e i t h e r  an a e ro b ic  o r  an a n a e ro b ic  env ironm en t.
This  i n v e s t i g a t i o n  su g g e s ts  t h a t  th e  maximum p e r m i t t e d  l e v e l  
o f  n i t r i t e  in  cu red  meat p ro d u c ts  (3 mM), under c o n d i t io n s  r e l e v a n t  to  
th e  c u r in g  p r o c e s s ,  w i l l  p roduce th e  l e a s t  p o s s ib le  o x id a t io n  o f  th e  
r e s p i r a t o r y  ch a in  o f  s k e l e t a l  muscle m ito c h o n d r ia  and, by i n f e r e n c e ,  
w i l l  produce th e  lo w e s t  p o s s i b l e  c o n c e n t r a t i o n  o f  n i t r o s y lm y o g lo b in .
I t  i s  f e a s i b l e  t h a t  low er c o n c e n t r a t i o n s  o f  n i t r i t e  (0 .3  -  0 .5  mM) would 
enhance th e  fo rm a t io n  of  n i t ro sy lm y o g lo b in  and would a l s o  a l l e v i a t e
problem s a s s o c i a t e d  w ith  th e  i n g e s t i o n  o f  l a r g e  q u a n t i t i e s  o f  n i t r i t e
(C hapter  1 . 1 . ) .  However, th e  b a c t e r i o s t a t i c  a c t i o n  o f  n i t r i t e  i n  cu red
p ro d u c ts  i s  o f  prime im p o r tan ce ,  and, a t  th e  low er c o n c e n t r a t i o n s  o f
n i t r i t e  sugges ted ,  t h i s  a c t i o n  would be much d im in ish e d  compared w i th
t h a t  a t  th e  l e v e l  o f  n i t r i t e  a t  p r e s e n t  p e r m i t t e d  i n  cured  p r o d u c ts .
This  d is a d v a n ta g e  cou ld  e a s i l y  outw eigh  any advan tage  g a in ed  by a
r e d u c t io n  i n  th e  n i t r i t e  l e v e l .
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Interaction of Nitrite w ith M am m alian  
M itochondrial Cytochromes
By I. H. B u r g e r  and C. L. W a l t e r s  (B ritish  F ood  
M a n u fac tu rin g  In d u str ie s  Research A ssocia tion , 
R a n d a lls  R oad , L ea therh ead ,Su rrey, U .K .)  andD. V. 
P a r k e .  (D epartm en t of B ioch em istry , U n iversity  of 
Su rrey , G uildford, S u rrey , U .K .)
The oxidation of nitrite by oxygen-carrying haem 
pigments to their ferric forms was reported by 
Lemberg & Legge (1949), and was subsequently 
applied by Chance (1952) to the spectrophoto- 
metric differentiation of cytochrome b and oxymyo- 
globin in the Soret region. Colpa-Boonstra & 
Minnaert (1959) showed that a compound was 
formed of ferrocytochrome o3 and nitric oxide, and 
Walters & Taylor (1964) demonstrated the forma­
tion of nitric oxide by tho reduction of nitrite in 
whole skeletal muscle. Nitrite is used widely in the 
preservation of food, the permitted effective 
concentration being approx. 200p.p.m. as sodium 
nitrite (2.9mM) in the product. The present 
investigations are on the action of nitrite on the 
cytochromes of pig skeletal-muscle mitochondria.
The introduction of sodium nitrite (0-1 OmM ) and 
a small quantity of mitochondrial suspension 
(12ng of protein) to ferrocytochrome c (4 /z m ) at 
pH 6 at 37°C results in oxidation of the cytochrome 
to the ferric form. As the nitrite concentration 
is increased (from 0 to 3 m M ) the rate of oxidation of 
ferrocytochrome c decreases to a minimum, but at 
higher concentrations of nitrite (3-1 Om M ) increases 
to reach approximately the original value obtained 
in the absence of nitrite. In the presence of potas­
sium cyanide (20y M . )  the rate of ferrocytochrome c 
oxidation is directly proportional to the nitrite 
concentration, as was observed in the direct action
of nitrite on ferrocytochrome c in the absence of 
mitochondria (cytochrome oxidase).
Nitrite can act as an inefficient terminal electron 
acceptor to mitochondrial electron transport, it 
can also oxidize ferrocytochrome c directly and it 
may also exercise a very weak competitive inhibi­
tion on cytochrome oxidase in the presence of 02. 
It is suggested that these three distinct actions of 
nitrite may be responsible for the unusual inhibitory 
effects that were observed in the oxidation of 
ferrocytochrome c in the presence of cytochrome 
oxidase. At nitrite concentrations below 3mM, in 
the presence of mitochondria, the oxidation of 
ferrocytochrome c is mainly enzymic (via cyto­
chrome oxidase). Within this range the oxidation 
of ferrocytochrome c is increasingly inhibited as the 
nitrite concentration is raised. Above 3mM-nitrite 
the oxidation of ferrocytochrome c proceeds 
principally via the direct action of nitrite. However, 
some evidence has been obtained of increasing 
enzymic oxidation of ferrocytochrome c (cyanide- 
sensitive) at nitrite concentrations above 3mM, 
and the implications of these observations will be 
discussed. It is noteworthy that the concentration 
of nitrite normally used in food preservation 
produces minimal oxidation of the components of 
the respiratory chain under the conditions in  vitro .
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